LESLIE REID 


The Sociology of Nature 

WITH TWELVE PLATES AND 
EIGHT FIGURES 



PENGUIN BOOIC$ 



Pokgulxi Books Hamioicwl«wottli« MitMleseK 
U^SJUr^eogOio Bocto InCj s^oo Oipper Mitt Roa 4 » Baltimore xs. Aid 
AUSTRALIA* Pmgum Books Sty Ltd, 762 Whitehorse Road> 
Mitcham, Victona 


First pi^lished as Earth's Con^pany by John Murray 1918 


Made and pnnted in Great Britain 
by Cox and Wyman Ltd, 
London, Reading, and Fakenham 
Set m Monotype Planun 


This book is sold subject to the condition 
that It shall not, b> way of trade, be lent, 
re-sold, hired out, or otherwise disposed 
of without the publisher’s consent, 
in any form of binding or cover 
other than that in which 
It IS pubhbhed 



TO iVlY WIFE 




CONTENTS 


Acknowledgement & 

Foreword 9 

1. THE ELEMENTS I3 

2. THE GREEN LEAF ZJ 

3. HABITAT AND COMMUNITY 38 

4. STRANDS OF DEPENDENCE: I 

THE LAW or THE JUNGLE 66 

5. STRANDS OF DEPENDENCE: 2 

THE LAW OF MY NEIGHBOUR 97 

6. SOME ANIMAL COMMUNITIES 124 

7 . TIME AND tide: I 

THE CHANGING HABITAT I4I 

8. IIME AND TIDE. 2 

THE CHANGING ANIMAL I6I 

9. INSTINCT AND LEARNING 194 

10. MOVEMENT AND DISPERSAL 224 

11. COIOUR AND PATTERN 253 

12. POSTSCRIPT 274 

Bibliography 280 

Index 283 



ACKNOWLEDGEMENT 


The plates were derived as follows: author, 
4b, 5a j S. Beaufoy, iia, and b, 12b and c; 
flatters & Garnett Ltd, Manchester, 2b ; 
Ghana Information Service, la, and b; Eric 
Hosking, 3a, 7b, 8-9; R. K. Murton, 7a (this 
photograph first appeared in the annual report 
for 1956 of the Field Studies Cotmcil) ; L. H. 
Newman, 2a, 3b, 4a, 6a, 12a, and d; D. P. Wil- 
son, 5b, bb, loa, and b. The figures in the text 
were drawn by I>. Baker. 



FOREWORD 


In this book an attempt has been made to describe the beauty 
and complexity of the life of animals in relation to their environ- 
ment which is the surface of this earth and the conditions of 
climate, soil and plant-life which govern it. The book cannot 
fkil to be concerned also, and continuously, with the relationship 
of animals to one another, this means that tlie greater part of it 
is an exposition of facts, a setting forth of recognized pheno- 
mena; but that cannot be quite all. Facts are of the greatest 
interest in themselves but can have little real value apart from 
their significance as the raw materials of something more. 
Recorded observations require to be explained, and the explana- 
tions in their turn require to be used as bricks with which to s^ 
up some sort of edifice of interpretation. To say that this is an 
ambitious undertaking is to make an understatement. Neverthe- 
less it is an undertakmg that men have been engaged upon since 
first they became capable of disinterested thought. In doing so 
they have adopted two distinct and in many ways conflicting 
methods, the method of religion grounded upon faith, and the 
method of science grounded upon reason. My concern is with the 
second of these, but that exercise of reason involves also an act of 
faith and a fundamentally important one, faith that is to say in 
reason, in the ability of rt ason to bring us ultimately to the truth. 
So the two methods, to that extent at least, are in harmony. 

The student of the natural world, applying himself in tins 
spirit of reason, grounded on faith in the efficacy of reason, 
cannot fail to be impressed by the width and the depth of the 
knowledge that science has already amassed. There is no doubt 
that we know much, but this respect for the power of human 
reasoning brings with it another profound realization, that of the 
immens ity of the field remaining to be explored. It is a com- 
monplace that the more we know the more deeply do we become 
aware of our ignorance. Each winning to the known opens up a 
fresh vista of the unknown. The result is, or should be, scientific 
humility, and it is on this score that scientists have been nuat 
firequently attacked, for their lack of humility, for tiieir tendency ^ 
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to dogmatize. With this in mind and in no spirit of dogma, I 
venture to declare another act of faith. 

Broadly speaking there are two opposed points of view with 
regard to the world of nature. The first looks upon that world as 
the product of blind forces, devoid of a recognizable plan, un- 
directed by any approximation to what we call a mind, organized 
on the basis of chance. The apcond cannot agree that the forces 
are blind, is aware however uncertainly of a plan and therefore 
of a directing mind, is i evoked by the thought of a universe 
governed only by the law that governs the tossing of a coin. To a 
large extent this is an example of the conflict between reason and 
faith, those adhering to the first view producing evidence in 
support of their conclusion, while at the same time declarmg 
that evidence is the one thing their critics cannot produce. There 
is some truth in this, but it is far from comprising the whole 
truths and it is one of the purposes of this book to show that 
evidence in favour of a planned world is unmistakable. It is to 
be seen in the first place in the unity that binds the manifesta- 
tions of nature into an integrated whole, each one of these 
manifestations depending on the others with an intimacy that 
besides being vitally necessary is also frequently mutual. This is 
set out in the first chapter. Subsequent chapters enlarge upon the 
theme, pointing out that the principle of dependence governs the 
lives of all creatures, that even the struggle for existence is an 
organized struggle, and that in addition to keen and sometimes 
bitter competition, there is also cooperation between animals 
and plants, between one species of animal and another, and 
finally between ammals of the same species. It can hardly be 
denied that this umty on the one hand, and this organization of 
an exceedingly complex kind on the other, provide evidence of 
planning, of a directmg, creative mind somehow and everywhere 
at work. Further evidence is presented in the chapter on 
evolution. 

A world governed by chance could not be the organized world 
that this book attempts to describe. Unity and organization aie 
incompatible with what we call chance. That is a declaration of 
feith reinforced by reason, but it relics in another sense on reason, 
for it is my firm conviction that whatever mmd has planned this 
world fulfils the plan by means of what we call natural agencies, 
those that is to say that we are capable of observing and under- 
standing for ourselves through the exercise of our reasoning 
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&calt3r. We are no more than at the begmning of a complete 
Apprehension of the wonder and glory of the natural world> but 
ibe end lies within our reach. Our reasoning is fallible, as we are, 
which means that we frequently stray. Our journey along the 
road of truth is fumblmg and hesitant, but we shall come to the 
end at last. 




I 

THE ELEMENTS 


The common growth of Mother Earth 
Suffices me. 

Wordsworth: Peter Bell 


Perhaps the most striking, the most moving, thing about the 
wild creatures in all their widespread diversity, still teeming 
over the surface of the earth, is the simple fact that they do so, 
that in the words of Mallory explaining his desire to dimb 
Mount Everest, they are there. We, or some of us in our egocen- 
tric way, are sometimes heard to ask: ‘What good are they?* 
But this is a question unlikely even to occur to anyone who has 
taken the trouble to examine them and their ways. The 
student of natural history knows that they exist in their own 
right, and that this is an important part of their &scinatk>n. 
They live their own lives sublimely independent of humanity, 
except when humanity intervenes to extirpate them because 
they get in the way of its feverish activities. They were tenants 
of this planet long before man ceased to be an ape-like creature, 
many of them by hundreds of millions of years. Their firail yet 
marvellously enduring generations have succeeded one an- 
other over a lapse of time for which the hackneyed adjective 
immemorial is an absurd imderstatement. 

Think of Volvox, that minute, emerald-green plant-animal, 
rolling now in serene detachment through a drop of water on 
the slide of a microscope, then of all the hosts of Voboox as 
having rolled in identical serenity for almost as long as life has 
existed. Think of all the creatures inhabiting a coral reef M 
kaleidoscopic variety, of beetles in the grass, ants in their 
thronged cities, butterflies lapping up the moisture of a sMsd- 
bank flanking some tropical river, rippk-marked fishes is 
rippling movement, gannets nesting in their thousands os 
senne unvisited island. All these and uncountably soore 
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on themselves and on one another. They exist fyt us 
fl^ aonder at. 

after all there is much more to move us than this fact cS 
il^ll^^ttfficient existence. Their diversity is equally a subject for 
a^nder, as is their irrepressible urge to propagate their kind, 
their grip upon life, and perhaps above all the way their 
Structure and habits are adapted to the environment in which 
they live. To wish to understand something of their lives and 
ways, and to pursue this quest m a disinterested spirit, believ- 
ing that such knowledge is worth having for its own sake, is an 
admirable thing. It has resulted in the accumulation of an 
imposing corpus of theory and conclusion which is among the 
greatest achievements of human mmd, but an achievement 
almost solely of recent times. At the beginning there was 
bewilderment, an attempt with many a false start to grasp the 
significance of the wood without fost examining the trees. 
Before long it became clear that no single intelligence could 
hope to cover the whole field. For this reason there arose the 
specialist, whose business it became to isolate circumscribed 
departments of knowledge and give them his whole attention. 
His method was analj^ical, a breaking down, a dividing. This 
went on in spite of a growing realization that it was the wood as 
a whole that mattered, that speaalization can never be an end 
in itself. Analysis must give way to synthesis, smee the further 
specialization continues the clearer does it become that a close 
dependence exists, not only between the different branches of 
a science, but between one science and another. Science there- 
fore, having given detailed attention to the trees, is now turning 
its attention to the wood, is coming back in fact to the view’- 
point of the earliest inquirers, with the all-important difference 
that it is now provided with the raw materials for s)mthesis, the 
varied contributions of the specialists. 

There is little doubt that this is true of science as a whole. It 
is certainly true of the science of biology, in which perhaps 
there has been more specialization than in any other. A syn- 
thesis is now well under way, and we call it ecology, which can 
be defined as the study of living things in relation to their 
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sutxoundings and to one another. The more deeply ecolo^ is 
studied, and it is still in its early stages, the clearer does it 
become that mutual dependence is a governing princ4>le, that 
animals are bound to one another by unbreakable ties of 
dependence. But that is no more than a fraction of the truth, 
for the ties of dependence linking animals with one another ace 
no closer than those linking animals with plants, while plants in 
their turn cannot be dissociated from climate, nor from the earth 
itself in the form of rocks and soil. Without plants there could 
be no animals, without soil and without rainfall there could be 
no plants. Nor are the several ties traceable in one directimi 
only. If animals depend on plants, so in a number of vitally 
important ways do plants depend on animals. Similarly, while 
plants cannot exist without soil, neither can soil exist as such 
without contributions made to it by plants. Yet again, rain&U 
is a vital necessity for plants, and plants in the form of trees 
are not without their influence in the making of rain, while 
playing a part of the greatest importance in helping to conserve 
the rain for their own use after it has soaked into the soil. If 
trees can be said to increase rainfall, so to a very much greater 
extent do mountains. So the earth, which cannot support life 
without the rain that the plants require, plays its part in adding 
to the supply. 

What has just been written is no more than a bare summary 
of a fundamental principle governmg the existence of life. I 
shall return to it again and again. There is another fundamental 
principle that the modern study of ecology brings out, and 
that is change. It was the Greek philosopher Heraclitus who, 
as long ago as tlie sixth century B.C., summed up his teaching 
in the sentence ‘all things flow*. Denying the reality of static 
existence, he declared that eternal flux was the condition of the 
universe. With all things in nature, according to him, it is nrt: 
a matter of being but of becoming, a dynamic process df 
transition. He declared further that the primordial substance 
of the universe was fire. Today we know better than to agree 
with the second of these conclusions, but the ecologist of mod** 
em times will certainly agree whole-heartedly with the first,' 
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jQddi «Bd gedogbts of today are wdl awaie tb^ 

looitda^ that doctrine and can offer pro(^ entirely uar» 
bfiQicIi to Heraditus, who after all was no scientist as we 
icidfetstand the term. 

, Aindh of the evidence in favour of Heraclitus’ dictum is 
simple and apparent. We can see it for ourselves, can hardly 
belp seeing it, for indeed it governs our lives. The sun 
rises and sets as the earth rotates. The seasons succeed one 
imother as the earth speeds on its orbit round the sun, its axis 
making a never-changing angle with the plane of that orbit. 
Tbe seed germinates, the seedling proliJferates into leaves, 
flowers, and fruit. Every animal, from the most primitive up 
to man himself, undergoes a life-cycle which is one continuous 
change. These and a himdred others like them are appreciable 
to us because the phase of their fulfilment frlls well within the 
span of human life. They are the short-term, obvious changes, 
and the very first men of all were certainly aware of them. 
They have the utmost relevance for ecolog3i. But there are 
others, equally relevant, but far less easily perceptible because 
slower, more gradual, some requiring a span equivalent to 
many human lives, others of such gradualness that we are 
quite incapable of seeing them directly and can infer their 
existence only from the traces they have left. Such are the slow, 
secular changes of dimate, the onset and recession of gladers, 
the transgression and withdrawal of seas, the deposition of 
sediments to form rocks, the erosion of mountains. It is only 
within the past 150 years that we have become aware of 
fluxations of that order. Their realization was one of the 
sajor revolutions in human thought; and intimately linked 
Wi^ them was the realization of changing, developing life, the 
doctrine of evolution, which mdeed was one of them, perhaps 
the most important. 

We see further that it is not merely the notion of change that 
nutters, but the inevitable gradualness of change. In nature 
thete are few abrupt transitions, for on the whole she abhors 
4lketB. This applies even to the transitions m space that we can 
see for ourselves. Abrupt enough to a casual glance, they are 
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«e«»tQbefess»0Mrhailoc^6datmot>edoseIy. Thatbetw«sn«ei. 
imd land for instance is traceable, not as a line but as a zc^ 
that between tidemarks, which in truth is a zone invo|siJt|; 
both space and time. Apart from this, the things of the land - 
birds, plants, insects - invade to some extent the kingdcan of 
dre sea; while the influence of the sea penetrates landwards to 
a notable and varying extent. In a similar way the snow-liae 
on mountains ebbs and flows with the seasons, forests grado 
into savaima or steppe, savanna and steppe into desert. 
Broadly speaking we can say that it is only when the normal 
gradualness of a change has in some way and for some time 
been prevented that it takes place suddenly and with violence. 

This conception of the gradualness of change is bound up 
with certain primary, and to us sharply defined distinctions. 
We make one of this sort for instance ^tween the two kinds 
of life, plant and animal; and while there is no denying that the 
distinction is a valid one, it has long been recognized that 
there are many unicellular organisms havmg the attributes of 
both. We cannot say that they are exclusively either the one or 
the other. The change from plant to animal, in origin at least, 
was a gradual one. Another and even more sharply defined 
distinction, to us the most important of all, is that between the 
living and the non-livmg. We are convinced that every partade 
of matter in the universe is either the one or the other. But e(ven 
that distinction has lost a large measure of its rigidity in recem 
times. Crystals are known to possess almost all the attributes 
of living thing s ; while those still mysterious and infinitesimally 
small organisms, the filter-passing viruses, behave at one time 
like inanima te crystals, at another like living things, accord" 
ing to whether they are detached from or are part of the hoste 
on which they prey. This is a comparatively recent discovery, 
amounting to, or lookmg as though it might in time amount to, 
a revolution in thought in itself. It may be that life evdved 
firom non-life as gradually and by as continuous a process 
as multicellular from unicellular orgaimms, or bink from 
reptiles. It is highly probable that the change firom tiMl 
non-living to the living was as gradual as that from phmt td 
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tBiionl. It may even be that deadi to u$ the most violeiit 
dbange of all, is less violent than we suppose. 

These two distinctions, between the plant-cell and the 
uimal-cell, between the organic and inorganic; and these two 
primary principles, mutual dependence and gradual change, 
cannot to be implicit in any survey of the whole complex 
web of life. The distinctions can be taken for granted, with the 
reservations already made. As for the two principles they will 
have to be explicit and that continually, since they are far less 
easily realized, and since both of them determine the very 
nature, weave the essential fabric, of the web of life. 

The four spheres 

The main concern of this book is with animal life, but since plants 
sustain animals, they must play an important part in it as well. 
Further, since plants depend utterly on soil on the one hand 
and on climate on the other, these two also piust be given a 
place in this introductory chapter at least. With this in mind 
and taking the broadest of views, we can distinguish four great 
entities or spheres: first the lithosphere which is the outer 
crust of the earth; secondly the hydrosphere, comprising all 
the salt waters; thirdly the atmosphere; and lastly the bio- 
sphere, a word signifying the network of all animated things, 
both plant and animal. Of these, where all land-surfaces are 
concerned, the first and the third provide the indispensable 
substratum for the maintenance of life, both plant and animal, 
in all its wonderful diversity. 

tHE LITHOSPHERE. The deeper parts of the earth’s crust are 
made up of igneous rocks, those that is to say that have cooled 
and solidified firom the molten condition. Over much of the 
surfitce as well, rocks of this kind are to be found, granite, 
basalt and the like; but overlying them elsewhere and covering 
an enormous area of continent and island, are the rocks of 
sedimentary origin, laid down for the most part in shallow 
seas and lakes particle by particle. The connexion between the 
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two is an intimate one, since the sedimentary rods - 
stones, limestones, days - were built up originally from the 
piecemeal destruction of the igneous. They are in a spedud' 
sense secondary as well as sedimentary; and the slow, sutee- 
quent fragmentation of both kinds is brought about by atmo* 
spheric weathering, llien comes erosion, the transpomuioa 
and the final deposition of the partides by the four gteat 
agents of erosion, rivers, gladers, wind, and sea. Of these four, 
rivers perhaps are the most important, at least in those parts 
of the earth where rainfall is suffident for rivers to flow' 
perennially. 

Contemplate imaginatively a rock section where beds say of 
sandstone are exposed in some quarry. Grasp the fact that their 
presence is accounted for by geographical conditions obtaining 
at some remote period, a river flowing into a sea, winding 
perhaps over a swampy delta, that as it meandered and bifur- 
cated over the delta, and still more when it came to the sea and 
the current slackened to immobility, a slow rain of partid^ 
fell and very gradually accumulated. Realize that those beds of 
sandstone are the direct result of those conditions, and finally 
that they represent a period of time during which the con- 
ditions held good and that work was done. 

In time the conditions are bound to change. The sea at that 
particular point may deepen, alternatively it may ebb away. 
If it deepens, perhaps m response to some warping of the crust, 
the river continues to deposit its particles, but the shallows at 
the mouth of the river are now at a distance, and the partides 
continuing to be deposited in the deepening sea are finer 
because conveyed further offshore. It is only the finer partides 
that can be so conveyed. For this reason, if the partides ate 
very fine and the sea comparatively deep, the rock beir^ 
formed will be of a different kind, a clay rather than a san<|- 
stone. Here is change and gradual change, as perhaps may b« 
shown in the rock-section exposed in the quarry from the wag 
in which the coarse-textured sandstone shades off into a fiaC' 
textured clay. Broadly speaking the finer the partides tlE 
deeper the sea and the greater the distance from the landtnast 
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«cf06ft whidi tbe river flowed. Hiis conveys a relationsiiip jha 
i^ece beicween the two. A rdationship in time is simultaneously' 
t^own lay tiie &ct that the fine-textured clay overlies the coarse- 
ttatured sandstone. The first was laid down at a later date 
fiban the second. 

If the sea on the other haiM is slowly ebbing and becoming 
less deep, the shoreline advances, a widening belt is won fi:om 
the sea and a fresh land surface will be laid bare, with all that 
that means in the way of an increasing mantle of living thii^. 
In that event no sedimentation can occur. Picture a change of 
yet another kind. The river may be diverted or dry up alto- 
gether because of some alteration of climate. The sea is then 
dear of sediment, and there may occur a slow predpitation of 
of lime steadily accumulating over the floor. This, together with 
die mingling deposition of the shells of dead creatures, or of 
countless millions of the tests of minute organisms, will give 
rise to beds of limestone, or of chalk which is a form of 
limestone. 

Changes of this sort, slow, rhythmic pulsations, responding 
to warpings and heavings of the underlying su^tratum, or 
others of a more violent sort, such as oozings of lava from 
fissiures in the crust, explosive eruptions also from time to 
time, scattering rock fragments and clouds of conuninuted 
dust, have all gone on at intervals succeeding one another, 
repeating themselves over and over again since the earth 
cooled from a molten condition some thousands of millions of 
years ago. In this way there has evolved the crust of the earth 
as we know it, the lithosphere, layer upon layer, each sooner 
or later to be exposed, and when exposed acted upon instantly 

the agents of erosion and destroyed, so that fresh layers can 
be laid down elsewhere. The major sorts of rock are com- 


tMEtatively few: granites, basalts, conglomerates, sandstones, 
flmestones, clays, and shales. Ihese, with loc^ variations 
differing in some sort chemically and in another sort organi- 
ridly» as shown by the fossils ^ey contain, have come into 
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of imituuy uaportimce for living foings, since from tilMan !iife^ 
formed the soil, the platform for plants and so foe 
animals, that soil which varies from place to place larg^ 
according to the size of the particles originally laid down, ihit 
size of the particles determining the capacity of the sofl fo 
retain the moisture on which the plants depend for thdtt 
sustenance. 

THE ATMOSPHERE. Moisture calls to mind climate, and so to 
the second great sphere, the atmosphere. Temperature, pres* 
sure, rainfall are the things that matter most where climate is 
concerned. Temperature, varying in the widest sense of all 
with latitude, is affeaed also by the angle that the sun makes 
with the horizon, that is to say according to the seasons, by 
the distance of any one part of the earth from the sea, by 
altitude above sea-level. Warm air thins away, cold air is 
compressed. Thus it is variations in temperature that cause 
variations in atmospheric pressure measured by the barometer. 
Variations in pressure cause winds to blow in an attempt to 
equalize the pressure. Winds bring rain. All the airs that blow 
hold water-vapour to an extent that varies with the tempentture 
of the air. But there is a limit to the holding capacity, and the 
point of saturation depends also upon temperature. Redutx 
the temperature of the saturated air and the water-vapour 
condenses as rain. The rain-making agency, one of the funda- 
mentally important power-producing engines of the world, is 
that which cools air. Cooling occurs on a stupendous scale 
over the great oceans when cold, dry air from polar regiems 
mingles in great swirls with warm, moist air from equatorial 
latitudes. The moist air is driven upwards by the drier air, 
cools as it rises and lets fall torrents of rain. These ascending 
spirals are the depressions we hear about so frequently, and 
when they reach our continental coasts they are the more like^ 
to bring rain because of the friction of land against air. On a local 
scale mountaim cause further ascent and so further predpim^ 
tion. Similarly, on a yet more local scale, will forests with the 
friction they can provide. Apart from this, a tree, and 
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more an as$emblage of trees, discharges moisture previously 
sucked from the soil. This is known as transpiration, and it 
adds inevitably to the humidity of the air, increasing its burden 
of water-vapour, increasing the likelihood of condensation. So 
trees, themselves vitally dependent on rainfall, play their part 
in bringing it about. This is a good example of those intimate, 
mutual associations of which there are so many in the natural 
world. Break the association, as man has done in many parts of 
the world, and the result can be catastrophic where life is 
concerned, including human life. Cut down trees and you help 
to make a desert. 

THE HYDROSPHERE. So two of the great spheres, the litho- 
sphere and the atmosphere, the one pertaining to the earth, the 
other ultimately to the sun, in their mutual association provide 
the conditions needed for the maintenance of life on land, 
whether plant or animal. But there is a third, the hydrosphere, 
the great oceans, covering more than sevenths per cent of the 
earth’s surface, with the continents alter all no more than 
islands in their midst. Quite apart from this claim to our 
consideration ‘the great salt deep’ teems with living things to 
an extent surpassmg dry land, since the world of the waters is a 
three-dimensional world in a way that the land, even including 
the air above it, can never be. Since there are animals im- 
countable in the great waters, there must also be plants; but 
the distribution of plants on dry land and in the sea is restricted, 
though for different reasons ; on dry land because parts of it 
are too dry, m the sea because parts of it, indeed the major 
part, are too dark. Plants must have sunlight to synthesize their 
food and that of animals. For this reason the larger fixed plants 
are found in the sea only to the depth penetrable by sunlight, 
which means the continental shelves, and the plants are sea- 
weeds exclusively. The deeps of the sea, not the ultimate 
abysses only, but the great oceamc basins below a depth of a 
hundred fathoms, are devoid of seaweeds. On the other hand 
the surface waters everywhere, again to the depth penetrable 
by sunlight, swarm with floating plants of microscopic size. 


22 



THE ELEMENTS 


the diatoms in their uncountable millions. Seaweeds ccmtct . 
bute comparatively little to the food of creatures inhabiting thcL 
great waters. Diatoms on the other hand are the basis of all! 
the food that there is. } 

The sea has another claim on our attention, for there is htdn' 
doubt that it became both the womb and the nursery of life 
itself. It was in the primeval oceans of the world that life must 
have originated, perhaps somewhere in the shallows accessible 
to what little sunlight could penetrate the dense cloudbanjks, 
from which torrential rain fell ceaselessly for months, evon 
years at a time. Somewhere in that dim natural laboratory 
protoplasm, the stuff of life, was prepared, kneaded, given co- 
ordinated shape. We can only guess at the nature of the first 
living organisms, but it is reasonable to suppose that they 
stood at that borderline between plant and animal, where 
even today some organisms are to be found. But perhaps it is 
more likely that they were strictly neither the one nor the 
other, organisms of a simpler structure than an5rthing we know 
today, related remotely to the baaeria and capable, like some 
of them, of ingesting inorgamc substances directly. 

At a much later date, in response to augmented sunshiny 
there took place that great parting of the roads, one by way d 
simple unicellular organisms, green with the first chlorophjdl. 
to all the plants that lave since appeared; the other by way ol 
equally simple organisms, lacking chlorophyll and capable oj 
devouring those tltat possessed it, to all the animals. It was 
then, along those two associated but diverging paths, tha' 
there began that evolution of living thmgs which has resultec 
in so wonderful a diversity. The oceans began to swarm, firs 
w'ith invertebrate then with vertebrated creatures, but for i 
long time the oceans, and no doubt the fresh waters, alone 
For millions of years life was confined to the waters, w'hile th 
continents showed nothing but naked rock, were the play 
ground of w'ind and rain, of glaciers, \'olcanoes, and blowi 
desert sand, devoid of life, devoid of true soil. 

THE BIOSPHERE. Then at a period comparatively advanced i 
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libe Idstory of the earth, there took place that invasion of the 
head from tEe sea, that milestone in history if ever there was 
tme. What creatures they were that, in Silurian* times, under- 
took this laudable enterprise is far from certain, but it is 
supposed that they were arthropods, perhaps scorpion-like 
things. Gjnsidering what the consequences were to be we are 
justified in calling this an invasion, but as such there is little 
doubt that it was a compromising, tentative business, for a 
time at least far from a wholehearted abandonment of the one 
element for the other, rather as always a gradual transition, 
resulting in an amphibious existence. There could be no 
complete exodus and settlement of animal life on the land 
unless plants took part at the same time. But this must have 
happened as an equally gradual transition, perhaps of some of 
the seaweeds taking possession of a zone above highwater 
mark, so that in time they and their descendants could get to 
work on the inhospitable rocks of the continental margins, 
hasten their decay, and contribute humus in %uch a way that 
soil was at last produced. Only then could there be true land 
plants and true land animals. 

Even at that remote time, measured in terms of the history 
of life rather than that of the earth itself, evolution had pro- 
gressed to a surprising extent. The earliest fishes appeared in 
late Silurian times, and during the succeeding period, the 
Devonian, both salt waters and fresh fairly swarmed with them. 
But in the sea, apart from land animals that returned to it much 
later to become the whales and seals we know today, evolution 
went not much further, no further than the fishes of the present 
time. The sea, though an admirable medium both then and 
now for life, has its limits where further progress is concerned; 
and the tremendous significance of the migration of living 
things from the sea to the land is to be found in the fact that 
not until it had occurred could opportunities be found for the 
gradual development of the great succeeding classes - amphi- 
bians, reptiles, birds, mammals, and finally man himself. Much 
the same is true of plants. In the sea there are unicellular plants 
* See table of geological ages, page 279. 
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tnniimerable, but apart from them seaweeds only. It wfts iMi$ • 
until the land had become widely and securely colonized tluff 
the higher forms could arise - Ucbens, fungi, mosses, ferns, tmd 
finally the great host of flowering plants. 

The ecologist can divide the peopled earth into the two great 
habitats of land and water, and to a certain extent he must. 
But in spite of the obvious differences between them, there are 
also fundamental similarities and these on the whole are of 
greater importance. In both elements it is plants that make 
animal life possible. In both it is oxygen that animals must 
breathe in order to live, whether the oxygen is dissolved in the 
water and taken in by means of gills, as with truly aquatic 
creatures, or as a free constituent of the air, as with land creatures 
mabng use of lungs. This docs not mean that all animals to be 
found in or on the earth’s waters breathe dissolved oxygen by 
means of gills. In the oceans there arc the whales, the dolphins 
and the seals depending on oxygen taken in at the surface. 
In our rivers and lakes there are scores of creatures breathing 
free oxygen either for a part or for the whole of their life-cycle. 
There is a third parallel between life in the two elements. On 
land soil is a vital necessity because of the dependence of 
animals on plants, but soil does not enter into the lives of 
aquatic animals and this seems at first sight like a paramount 
distinction. But once again a close similarity underlies the 
difference. The creatures of both habitats require certain 
chemical substances, mainly phosphates and nitrates, in order 
to live, and these are conveyed to them thi ough the agency of 
plants. The sea contains these substances i’l solution, available 
to a varying extent every wheie. But the soil also contains them, 
again in solution in the water tliat the soil is enabled to hold, and 
this soil water is the primary justification for the existence of 
soil so far as plants, and consequently animals, are concerned, 
A fertile soil holds water containing these substances, and the 
plants draw them into their tissues by m^ans of their roots, 
converting them by an elaborate process into more complex 
substances available as food for animals. An infertile soil is 
deficient in or devoid of them. So in both elements we find 
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water containing mineral substances playing a part of primary 
importance. 

It is clear, therefore, that ecology must begin with the great 
spheres of this planet, the primary envelopes of crust, water, 
air, and finally its ultimate concern, the envelope of life itself. 
These are the fundamental four, and though distina, though of 
contrasted constitution in many important respects, they are 
nevertheless dependent on one another, renewing one another, 
constantly giving and taking. The atmosphere gives oxygen to 
the great waters both salt and fresh, gives rain, gives variations 
in temperature. Without the atmosphere there could be no 
hydrosphere as we know it. But the air also takes from the 
water, since the sea is by far the most important reservoir of 
diat water-vapour which the air takes into its embrace, only 
to return sooner or later as rain. But if the ram has its im- 
portance where the sea is concerned, it has more for the land, 
for the crust of weathered and eroded rock where all the 
higher forms of life have their origin and tKcir existence. The 
atmosphere makes possible the formation of soil, transforms it 
into the basis of life, but cannot do so on the one hand without 
the ram which it contributes, on the other without th?; humus 
provided by the plants. Nor is that all, since plants, themselves 
unable to thrive without both soil and ram, arc vitally necessary 
to animals; wlnle animals, as though mindful of their debt, 
provide not only the waste products of their bodies to make 
more nutriment for plants, but in dramatic and wholehearted 
fashion yield up those bodies themselves to replenish yet more 
the universal repository of mineral salts locked up in the soil. 

So It goes on, this dynamism of give and take, this omni- 
present nexus of mutual dependence. It goes on not merely 
between crust, air, water and life, not merely between plants and 
animals, but also between one plant and other plants, between 
one animal and other animals, until the strands of the web 
cross, bifurcate, and return upon themselves with a complexity 
to excite wonder and baffle analysis. This mutualism is the very 
stuff of ecology, a principle; one of two principles, of which 
the other is change. The w'eb of things and the flow of things. 

26 



2 


THE GREEN LEAF 

I am in love with this gtecn earth. 

Charles Lamb 

Life is of two kinds, plant and animal, and the distinction be- 
ween them is a distinrtion in kind, something that we can see 
or ourselves. There are in fact a number of distinctions, most 
if them obvious enough; one, and that the most important, 
nuch less so. Among the obvious ones is that connected with 
novement. Animals move from place to place, plants on the 
ithcr hand keep the same station from the fall of the seed to 
inal decay. But this is soon seen to be an unsatisfactory dis- 
rinction, since it holds good to a partial extent only. A very 
arge number of animals remain in one place during their adult 
,tage. These arc the more primitive creatures found in the sea 
md in fresh water, such as sponges, anemones, barnacles. It is 
■rue also that unicellular plants are fully capable of moving 
about. Another obvious distmction is that plants are gfeen, 
ivhilc ammals seldom are. A third is that plants are much 
inclined to divide and branch, whereas animals are compact in 
Dutlinc. But these two are no more satisfactory than the first. 
The fungi are plants, but they are not green. Some animals, 
such as sponges and corals, arc branched. 


Functions of the green leaf 

PHOT OSYNTHESIS. The Only wholly satisfaaory distinction is 
that which is the least obvious, and it has the great merit that 
all the others, for what they are worth, arise from it. This is the 
distinction with regard to food-supply, to nutrition. Expressed 
in the simplest terms it amounts to this: plants manufacture 
their food from simple inorganic substances, while animals are 
incapable of doing so and depend entirely on food that has 
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been manufactured for them by plants. This food-making 
carried out by plants is an exceedingly complicated process, 
but must be explained a little further. The fundamental con- 
cern, from which all their other food-making arises, is known 
as photosynthesis, which is the conversion of carbon-dioxide, 
present in small quantities hi the atmosphere, into organic 
material such as sugar. This is carried out withm the leaves by 
means of their green colouring matter, the chlorophyll, and the 
process can take place only in the presence of sunlight, making 
use of the radiant energy of the sun. This ability is the peculiar 
gift of plants, the supreme function that they perform in the 
sdieme of things, without which animals, including man, could 
not exist. Plants take in also other simple, inorganic sub- 
stances such as nitrates in solution from the soil, and these, 
combming with the products of photosynthesis, are further 
manufactured into yet more complex foodstuffs. It is on these 
organic foodstuffs - carbohydrates, proteins - that animals are 
wholly dependent. 

This then is the primary distinction between plants and 
animals. Because of it plants are not required to move about, 
whereas animals must do so in order to find their food, in the 
form either directly of plants, or of other animals that are 
plant-eaters. Animals that are fixed in one spot during their 
adult stages have their food, either plant or ammal, wafted to 
them, by the water in which they live. Because of this distinction 
too, plants are green, since chlorophyll is essential to the pro- 
cess. Animals possess no chlorophyll. Neither do fungi, but 
they make up for the loss by living as parasites on green plants 
or on dead matter. Finally, plants have a branching habit of 
growth so as to present as wide a surface as possible both to 
sunlight and to the penetration of their tissues by carbon- 
dioxide. 

What is this so essential chlorophyll, sustaimng life all over 
the earth, giving rise in its massed effect to that global verdure, 
which in a special sense is life’s characteristic colour ? We can 
say where it is to be found with far more accuracy than pre- 
cisely what it is. It can be seen under the microscope, not 
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diffused through the whole plant, but as minute rounded bodied, 
known as chloroplasts, within the cells of a leaf. Beneath the 
outer skin of a leaf there is a row of elongated cells known as 
the palisade layer, and in these the chloroplasts crowd to the 
upper and lower ends when the light is subdued, but range 
themselves along the vertical sides when the sun is undimmed. 
They move with the streammg of the cell-protoplasm, but are 
endowed also with their own power of movement. Confessions 
of ignorance are always salutary and sometimes refreshing, and 
there is a wealth of ignorance where these processes are con- 
cerned. No one knows how it is that the chloroplasts move, and 
the details of the whole business of photosynthesis are still 
imperfectly understood. 

An important product of the process is oxygen, which is 
given out. Apart from anj^thing else then, plants tend to 
inaease the world’s supply of oxygen, imperative both for 
them and for animals. This can be seen quite easily, since 
photosynthesis is carried out as readily under water as in the 
air. Stand on the edge of a pond on a bright day and you may see 
rafts of floating, filamentous weed glistening with bubbles of 
oxygen. Keep fish in an aquarium and you can augment the 
supply of oxygen which the fish need and obtain otherwise frmn 
the air, by growing green weeds in the water. In the act of 
growing and of synthesizing their fond they liberate oxygen. 

RESPIRATION. But photosynthesis is no more than half the 
living-process of plants. The rest is respiration, which is 
essentially the setting free of the energy needed by the plant so 
that it may grow down through the soil and up into the air, 
and this is achieved by combination of the carbohydrates 
(sugars and starches) with oxygen, by their oxidation. This 
gives rise to carbon-dioxide and water, and at the same time 
releases energy. The release of energy is brought about by the 
fact that the carbohydrates before they are oxidized have a 
high content of energy, whereas the products of oxidation 
have a low content. The difference in energy between the two 
is the energy released and made use of. 
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We see therefore that photosynthesis, the first part of the 
process, is a building up of food-material and a storing of 
energy: the second part, respiration, is a breaking down and 
a release of the energy previously stored. The chemical pro- 
cesses of the two are reversed. Photosynthesis absorbs carbon- 
dioxide and liberates oxygen: respiration absorbs oxygen and 
liberates carbon-dioxide. Animals, as we very well know, 
respire no less than plants, and the process in the one is parallel 
with that in the other. But the differences are equally important. 



Figure i. Section ttirough a leaf showing palisade cells. 


Plants in their respiration oxidize complex carbohydrates that 
they themselves have prepared by photosynthesis: animals 
on the other hand lack this power, and the carbohydrates that 
they oxidize during respiration have to be obtained by eating 
plants. But animals, or at least the higher animals, have carried 
respiration a stage further. By means of gills or lungs, coupled 
wiA a circulating blood-system, the gases are carried to every 
part of the body. In plants the exchange takes place in eac^ 
cell independently. 

The fundamental difference between the two forms of life 
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should now be dear. So should the reason why animals ate 
wholly dependent on plants. Plants in a special sense are 
primary, and there is nothing impossible or contrary to nature 
in the thought of this world, or indeed some other, say for 
instance the planet Mars, as die home of life, but of plant-life 
only. A planet on the other hand as the abode of animals alone 
is out of the question. The same point can be emphasized in 
another way. Plants and animals are continually using up and 
breaking down substances with a high content of energy. How 
is it that the world’s supply of these substances has not long 
ago become exhausted? There is only one answer: because of 
the ability of plants to renew the supply by photosynthesis. It 
is therefore quite impossible to exaggerate the importance of 
this great energy-producing engine, carried out in minute 
plant-cells existing almost everywhere in their uncountable 
millions. Let us not however give all the credit to the plants, 
for they after all are agents, transformers. The ultimate 
source of the energy they produce and that we ammals depend 
upon, not only as food, but we human animals at least also 
as fuel in the shape of wood, coal, and oil, is the sun. 

TRANSPIRATION. Sincc the life of animals is so closely boiuul 
up with the life of plants, animal ecology cannot be made into 
an isolated subject. It must be concerned with the ecology of 
plants as well. In the broadest sense this has already been 
touched upon. Something has been sa>d of the relationship 
between plants on the one hand and sunlight and soil-water 
on the other. One more physiological point remains. Plants 
continuously give out water by a process carried out by the 
leaves which we call transpiration. It is in the form of water- 
vapour, capable of condensation, and is emitted through num- 
bers of minute pores known as stomata. The total amount of 
water-vapour given off over an area well populated with plants 
is enormous. It has been shown expet imentally that a single 
sunflower, in a growing season of eighteen weeks, gives off six 
gallons, which represents a bulk many times greater than 
that of the plant itself. This must mean that a large forest 
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<X}atdbute$ appreciably to the water-coatent of the sorroutul'* 
log air, and so can hardly fail to have an effect on the rainfall. 
Transpiration is of the gr^test importance also to the structure 
of plants, for the emission of water is a loss that must be 
chedced where water is scarce. As a result we find plants 
growing in dry regions poss^sing restrictive devices. Leaves 
are often coated with a waxy cuticle. The number of stomata 
may be much reduced. Leaves are frequently transformed into 
thorns, or in extreme cases absent altogether. 

The ecology of plants 

But my subjea is not individual plants, so much as their distri- 
bution, the way in which they grow in association with one 
another, and so the factors that modify, restrict or enhance 
their growth, m a word their ecology. These factors are of 
three major kinds, corresponding where l^d plants are 
concerned with the three great spheres mentioned in the first 
chapter: first those derived from the platform on which they 
grow, the rocks and so the soil; second those that are climatic; 
third those contributed by the plants tliemselves and by the 
animals as well. The last group is usually summed up as the 
biotic factors. These three must be dealt with separately, but 
it is of capital importance to realize that they are integral parts 
of a whole. 

SOIL. The beginning of soil is the weathering of rocks, their 
splitting up into particles of varying size. But soil is far more 
than disintegrated rock. The particles provide the inorgamc 
mineral substances that plants require, but in addition to these 
fftere is organic matter or humus, a produa of the death of the 
plants that the soil supports. There is also air, and above all 
there is water. The paramount importance of water in the soil 
is that the mineral substances arc dissolved in it, and so made 
available for the plants. It follows that anything influencing the 
amount of water in the soil is also of prinwiry importance, and 
one thing that does is the size of the particles, which in turn 
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determines the size of the spaces between the parddiSsu 
Rdatively large interspaces allow free movement of water and 
air, relatively small ones restrict movement. But the patticlea 
and the interspaces must not be too large or movement w^ 
be too free and the mineral substances will be carried or leached 
away. A coarse, sandy soil is a poor soil. Finer sands, sU.(^ oc 
even clay, whose particles may be smaller than the hundrohh 
part of a millimetre, will provide fertile soil. But clay under 
certam conditions becomes so impermeable as to be water- 
logged, as infertile as coarse sand. Loam, perhaps the best soil 
of all, is a mixture of sand and clay. Apart from all this there 
is the organic material, piovided, as I have said, by the planta 
as they die. This is important because it greatly increases the 
water-holding capacity of the soil, and because it is that part 
where bacteria are constantly at work providing nitrogen and 
promoting the decay of plant remains, converting leavra, 
stems, and toots into that complex, amorphous substance diat 
we call humus. 

Wc must think of all this, not as somethmg that rises spon- 
taneously and exists statically, but like every other natural 
phenomenon, as a dynamic process, havmg a be ginning and an 
end. The beginning, which was in truth less of a beginning 
than a renewal, can be dated, so far as Britain and much of 
the northern hemisphere are concerned, to the final retreat, the 
slow melting, of tlie great ice-sheets of the Glacial Period. This 
took place some 20,000 years ago. The Britain that then 
appeared, still joined to the continent but soon to be separated, 
was a howlmg wilderness of scratched and polished rock- 
surfaces, of thick, widespread deposits of gravel, sand, and of 
a tenacious, bluish clay, known as boulder-day, a wildemesa 
without a green leaf, except for a few mountain-top oases 
which had risen above the solid sea of ice. The work of 
formation had to begin all over again, and under the steadily 
rising temperature of that happier time there was no dday. 
Invading inexorably firom the south came the first coloruzen 
of the dead glacial dust, bacteria, lichens, mosses. Tfaead 
pioneers were succeeded by ferns and grasses, which whiiO 
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they lived drew upon the water that the embryonic soil was 
&st becoming capable of holdmg, and when they died 3 nelded 
iq) their remains to form humus. More and higher plants 
gained a footing, workmg downwards with their roots. Earth- 
worms made their mvaluable contribution of mixing and 
mming, until the final result, vitally affected by climate, was a 
mature sod, a highly complex amalgam of dead and living 
matter. 

CLIMATE. These great events in their slow development pro- 
vided the soil, and at the same time the green mantle of plants, 
each stage of the process giving rise to its own type ot vegeta- 
tion, until at last there came the culmination, or as plant- 
ecologists call It, the climax. The nature of the climax dc pends 
entirely on climate. In a desert or semi-desert region it \s ill be no 
more than a tenuous scrub, made up of plants adapted ir v arious 
ways to live under and conditions - long roots to tap deep 
sources of water, thorns to replace leaves, succulent stems m 
whidi moisture can be stored. In a region where the rainfall 
though heavier is still scantj’’ and confined to one season of the 
year, the climax will be of the grassland type, with a few 
scattered trees - savaima, prauie, steppe Where the rainfall is 
comparatively heavy and well distributed through the "■cat, 
there will be forests, equatorial or temperate. 

Rainfall then is of the first importance All the same thci e w as 
a good reason for begmmng with soil, since that in a leal sense 
is primary, the other factors exerting their influence on plants 
for the most part indirectly by way of the soil In fact it is not 
fiir from the truth to say that, apart from the quv.:.tion of 
deciding the nature of the plaut-climax, it is leallj ^1 a matter 
of sod, and that both climate and the biotic factois are of 
importance only because of their influence on the soil, chemical 
aod physical. 

But there are other thmgs to be considered under the head- 
ing of climate. There are wmd, temperature, and light. Wind 
(days a big part because of its influence on the transpuation of 
plants, and this can be appreciated most easily by realizing that 
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SO far as the action of water on a plant is concerned a balance 
has to be set up between the amount drawn from the soil and 
that lost by transpiration. Loss by transpiration must not be 
greater than gain by absorption. If this does happen the plant 
will die. Wind accelerates transpiration, with the result that 
in a prolonged gale, imder conditions of soil and temperature 
such that the plant cannot make good the loss, the foliage 
withers. Bur this is an influence comparatively local in its eflfect. 
Tcmpeialure on the otlicr hand has a more general effect 
because it is exerted, not on transpiration from the leaves only, 
but also on the soil over a wide area. When the temperature is 
high evaporation is correspondingly high, and the amount of 
water available to plants may be seriously reduced. It is per- 
haps labouring the obvious to say that high temperature helps 
to produce drought. A low temperature, to make a much less 
obvious statement, also produces drought of a kind, a sort of 
false drought, 'fhe reason for this is that below a temperature 
of about forty degrees Falurenheit soil-water fails to dissolve the 
nutrient salts that plants need. Transpiration accordingly must 
be held in check, or be made to cease ^together, during the cold 
season. To do this, plants have perfected various devices. 
Annuals die off completely, relying on their seeds, lying dor- 
mant in the soil, to produce a fresh generation when the tem- 
perature rises in the spring. Perennials rely also on seeds, but 
the plant itself continues to live, as it were m hibernation below 
the level of the ground. Those perennial plants that we know 
as deciduous trees, though continuing to live above ground, 
shed their leaves on the approach of winter. Light too has its 
importance, but that can be considered in the next chapter 
when the principle of dominance is described. 

BIOTIC FACTORS. Last of the three groups is that concerned 
with life itself, both plant and animal, and here once more the 
intermediary is the soil. It is not a matter of the influence 
directly of plant on plant so much as that of plant on soil, and 
by way of the soil on other plants. Similarly the life, and more 
particularly the death, of animals deeply affects the soil and 
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IK) growth of plants. This influence, in its most basic and 
widespread sense, has already been e:q>lained: the formatioa 
of humus, that complex organic substance {n^oduced by the 


livir^ plants and animals 



Figurt 2 The nitrogen cycle 

decomposition of plant and animal matter, giving the soil its 
dark colour, helping to retain water, building up a reserve of 
nutrient salts dissolved in the water and used by the plants. 

But the soil does much more than contain the products of the 
deoompositiQn of living things. It teems also with livmg things 
of its own. Of these die most important are the bacteria, them- 
selves plants of a sort and having a highly impmiant part to 
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pky in tbis couples process of serving the interests cf 
First to be considered are the nitrifying bacteria, carrying Out 
what is known as the mtrc^en cycle. When plants and animsds 
die they return to the soil the complex organic substances on 
which they fed when alive and which built up their bodies. 
These, and among them the excrement of living animals must 
be included, are seized upon by bacteria of more than one 
kind and broken down by oxidation first into ammonia, then 
into nitrites, and finally into nitrates, available as food for the 
green and growing plants. This is a chain-reaction, or more 
accurately a closed circle of many links, by which the bacteria 
and the green plants between them convert nitrates by a 
long, complicated chemical process, back once more into 
nitrates. As well as the nitrifying bacteria there are others, the 
nitrogen-fixers, whose function it is to enrich the soil with 
further supplies of nitrogen, this lime from the air. Some live 
freely in the soil, others in swellings on the roots of plants such 
as peas, beans, and clovers, which is the reason why plants of 
this kind play so important a part in the rotation of crops. 

Nor must the earthworms be forgotten, since they have a 
profound influence both on the structure and composition of 
the soil. In Britain there are some twenty-five different spectra, 
and estimates of their abundance vary from one to three milHon 
to the acre. All of them swallow soil to find their food, while 
many set it free again at the surface in the &miliar casts. It has 
been calculated that these casting species, in a heavily populated 
acre, may bring to the surface in titiis way. as much as twenty- 
five tons of soil each year. In addition to this it is known that 
they pick out organic matter for their food, while some draw 
leaf-fragments and twigs down into their burrows. This 
means a prodigious amount of mixing and turning both of the 
mineral and the organic constituents of the soil which cannot 
fail to improve its tilth. Worm casts, scattered over the surfitce, 
are known to be particularly rich in nitrates and other valuable 
minerals. 
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HABITAT AND COMMUNITY 


Nature works on a method of all for each 
and each foi all. 

Emerson 


To point out the way in which living things work in the 
interest of other living things, while at the same time going 
about their own occasions, is to stress the unity of nature. The 
formation of humus, by which plants provide other plants 
with organic matter; and the nitrogen-cycle, by which bacteria 
break down this organic matter so that the resulting nitrates 
become available to the plants, arc two notable and closely 
linked examples. Photosynthesis and the respiration of plants 
are two more. Yet another is transpiration. In all these, not 
plants only but animals take their share and make their 
contribution. They arc fundamental and world-wide. Wherever 
there is life on land they are in operation, ceaselessly and 
cyclically. Wherever there is life in the sea and in fresh water 
they operate, with inevitable modifications, also. Becau-.e of 
them the whole earth is a habitat fitted for living things, a 
habitat of infinite diversity, yet at the same time dovetailed 
into basic unit}". This means that the one great habitat which 
is the surface of our planet is divided mto smaller, but still from 
our point of view very laige, natural regions, each of which is a 
major habitat with plant-foims and animal-forms characteristic 
of it and adapted to its conditions. Each is a dwelling-place 
with its righdul inhabitants, and these are of two kinds, a 
plant community and an ammal community. 

TJic water habitat 

It is perhaps reasonable to begin with the sharpest division of 
all, that between water and land, though as I pointed out in the 
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first chapter, it is probably true that the resemblances between 
them as abodes of life are of greater importance than the 
differences. Nevertheless the distinction to us as land animals 
is clear-cut and of major importance. To living things every- 
where one factor is bound to be of the utmost importance and 
that is the extent to which their habitat is subject to change, 
whether or not it provides a relatively constant environment. 
It is true also that change is of two l^ds, that from place to 
place and that from time to time. Each in its own way is impor- 
tant, and the reason for mentioning this here is that the greatest 
of all water environments, the sea, is a habitat far less subject to 
change than any on dry land. From one part of ‘the great salt 
deep ’ to another there are considerable gradations : those caused 
by differences of temperature, which are largely a matter of 
latitude, those caused by currents whose effect is to complicate 
variations of temperature, those depending on differences of 
salinity. 

It js in temporal changes that we find a much more striking 
degree of constancy. Seasonal changes of temperature, for 
instance, affect surface waters only. The vast bulk of oceanic 
watet never varies, so far as we Imow, from a temperature a 
few degrees above freezing-point. The sea is an environment 
not only intensely cold but intensely dark as well, so that plants, 
except for the seaweeds of the continental shelves, are found at 
or near the surface only, where there is some degree of both 
warmth and light. These facts are not true of the world’s 
fresh waters, since they, even the largest of them, are so much 
smaller in extent. Fresh waters are deeply affected by frost. 
They, or at any rate their margins, are also subject to drought. 
Their shores may be reduced to dry, cracked mud. Both of 
these arc eventualities to which plants and animals must 
adapt tlicmselves, and there is little doubt that they have 
played an important part in the changes undergone by plants 
and animals themselves, in their evolution. 
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Natural r^ions af the Imd habitat 

Conditions on land are vastly different where change is con- 
oemed. Spatial diversity occurs almost eveT3rwhere, temporal 
much more over some parts of the earth than others. The great 
natural regions of the geographer are the major spatial changes 
and we look upon them as permanent. Seasonal changes 
occur within most of them. If the earth’s surface were solely 
of dry land the natural regions would be traceable as zones 
running east and west, parallel with the equator, but oceans 
and mountains break up this zonal formation. Even so, 
because of the size of the continents, it is not unreasonable to 
refer to them as zones. Owing their existence entirely to 
dimate and not at all to rock-formation, they are distinguish- 
able because of the angle of the sim’s rays, varied accordingto 
latitude; because of distance &om the sea, affecting both 
temperature and rainfall; because of exposure to prevailing 
winds. Each one supports a plant community in the widest 
sense in which that phrase is used, each plant community 
gives sustenance directly or indirectly to an animal community, 
t^ain in the widest sense. Each one merges by slow degrees 
into the next. Each one, considered as a habitat for living things, 
is divisible mto a very large number of smaller habitats. 

THE EQUATORIAL FORES T. It IS logical to begin at the centre 
and to work outwards, and in this instance the centre is the 
equator and to work outwards is to travel towards each of the 
poles. For the great natural regions, in so far as they form 
zones, are traceable as two sets of zones, the one stretching 
north, the other south of the equator. Since the proportion of 
land to sea is much greater in the northern hemisphere than 
in the southern, the zones are far more marked in the first 
than m the second. There is another reason for startmg in the 
centre, for it is here on each side of the equator that we find the 
great equatorial forest of the Amazon Basin, the Congo Basin 
and the Malay Archipelago; and this type of forest presents a 
striking parallel with the ocean deeps as an environment for 
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Hfe, in tiut of all the natural regions it is the cme least sob^ 
to temporal change. In the equatorial forest (Plate la) there 
are no seasons. Climatic conditions vary scarcely at all from the 
beginning of a year to its end. At all times the rainfall is heavy, 
humidity is high, temperature is high. The result is a forest 
luxuriant, sombre and perennially green. In these hothouse 
conditions plants, from mosses, fungi and ferns to tree giants 
200 feet and more in height, run riot. There is almost as much 
plant life growing on and around other plants as independently 
and self-sustaining. Festooning lianas loop from tree to tree. 
Branches are furred with epiphytes - ferns, bromeliads, orchids 
- plants, that is to say, rooted on living hosts but drawing no 
sustenance from them. Since there are no seasons governed 
by climate, there can be no corresponding seasons of leaf- 
expansion, flowering or fruiting, such as we in temperalae 
latitudes know so well. Each plant undergoes its life-cycle in a 
season of its own, adapted to a constant environment. 'Hirou^ 
so dense and unchanging a tree-canopy sunlight penetrates 
fleetingly here and there, and there broods in consequence a 
perpetual twilight, a green shade if ever there was one, with 
the result that the floor of the forest is for the most part free 
of undergrowth, since only a few shade-loving species can 
tolerate so low an intensity of light. It is a world defiaent also 
in colour, or more accurately dominated by one colour only, 
green in every conceivable shade, the rare and rcsplendait 
flowering of orchids for instance unfolding itself high over-' 
head, where direct sunlight has a chance of falling. 

In an environment such as this, supporting a plant com- 
munity more varied and luxuriant than any other in the world, 
we would expect to find an animal community corresponding 
m both respects. There is no doubt that it exists, but it is far 
less visually in evidence than the plants. Insects of course teem 
in their millions but even they, or many of them, have to be 
searched for, since they conceal themselves, either dircedy 
under cover, or by protective resemblance to their background. 
During the hours of daylight their voices are hushed, as are 
those of most of the forest’s other denizens. The notes of 
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birds sound only occasionally, while other animals - reptiles 
and mammals - move in silence and furtively, if at all, through 
the miles of massed tree-canopy to which they are so inti- 
mately adapted. But at night the animal conununity comes into 
its own, when the impact of massed vegetation no longer makes 
itself felt and the darkness throbs with an orchestra of tmco- 
ordinatcd strings, wood-wind and percussion. 

THE TROPICAL GRASSLANDS. The traveller moving north or 
south from the equatorial zone finds himself in time in a region 
where rain no longer falls throughout the year. A dry season 
intert'enes and grows steadily longer as the equator is left 
behind. A zone is eventually reached where the rainfall is no 
longer sufficient for the demands of a forest and the dominant 
plant-form is grass. This is the zone of tropical grasslands or 
savanna (Plate ib). Trees, no longer massed, are scattered in a 
park-like growth, a scrub of feathery, flat-tof^cd mimosas, or 
occasional, bulbous-trunked baobabs. There may be forests, 
but they will be confined to winding corridors clinging to the 
banks of a river. Ram falls in the summer months only, when 
the wide plains clear across Africa quickly become flushed with 
green. Within a few weeks clumps of tdl grasses, tufted and 
plumed, rise evciywhere, and for a season there is abundant 
grazing for a host of hoofed animals, for this, in Africa at least, 
is the game country, where herds of antelopes move, or for the 
most part once moved, like cloud-shadows over the plains. 
With the passing of the autumn equinox the rains die away and 
the grasses with them, scattering their seeds, until before long 
what once was green becomes sere and baked. Similar condi- 
tions, supportmg animals with similar ways, though differing 
widely in species, are found in Northern Australia, in the 
Orinoco Basin and the Matto Grosso of Brazil. 

THE DESERT. Thc reach of the summer rains, to which the 
gras.sland$ owe their existence, is limited towards the north. 
In the same way and for a similar reason, the reach of the 
winter rains of the Mediterranean Basin is limited towards the 
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south. Between these limits there stretdies a wide gap where 
rainfall is negligible, even non-existent. That gap, so far as 
Northern Africa is concerned, where the continent^ land-mass 
is of huge extent, is covered by the Sahara Desert. South of the 
equator also there is desert, but the continent here is narrower, 
trade winds from the Indian Ocean bring rain to the east coast. 
As a result we find the far smaller Kalahari. 

As a habitat for plants the desert is naturally exacting in the 
extreme. To exist at all plants must adapt themselves rigidly 
to make the very most of such small amounts of water as they 
can find, and it is here that they have evolved those devices to 
restrict transpiration or prevent it altogether, those thorns 
which arc modified leaves, those long root-systems reaching 
down to tap sources of supply many feet below ground-level, 
that succulence which is water stored up in the tissues. To these 
conditions of general aridity animals too must adapt themselves, 
as also to extremes of temperature far greater during the 
iwcnty-four hours of the day than during the twelve montle 
of the year. They burrow underground, they hide under stones 
to escape the fearful heat of the sun and the bitter cold at night. 
Dew is certain to be of greater importance to them than more 
usual supplies of moisture, and they take full advantage of rare 
dovTipours of rain when seeds, dormant in that inhospitable 
soil, germinate almost visibly and for a brief spell the desert 
blossoms like the rose. Most of them are adapted in another 
way; desert animals are for the most part desert-coloured. 

The Sahara is by far the biggest desert in the world, but for 
all its immensity it is really no more than a part of one yet more 
immense, stretching from Cape Verde in the extreme west of 
the African continent clean across to the Red Sea, firom there 
across Arabia, and with a northerly slant to include Iraq, 
Persia, Baluchistan, as far as the easternmost fringe of the Gobi. 
Within that great area, straddling tw'o continents, conditions 
vary widely, and there are in fact deserts of several kinds: 
rock-deserts, sand-deserts, mountain-deserts. Fronting the 
Pacific Ocean, along the coasts of Chile and Peru, stretches the 
glaring ribbon of the Atacama. There are mountain-deserts in 
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llie smith-western United States, Most of Western A.itsttali% 
and the whole of die interior of that continent, are desert. 

THE MEDITERRANEAN LANDS, Southward of the desert zone 
in the southern hemisphere there stretches a great girdle of 
ocean with no more than meagre margins of land. But in the 
northern hemisphere the continents swell northwards, radiat- 
ing outwards from the pole, and there are other regions to be 
taken into account. Merging into the desert is that zone of 
winter rains to which the Mediterranean Sea gives its name. 
These rains come from oceans lying to the westward, and so 
long as no mountain barriers intervene, as they do both in 
North and Southern America, the regions with a Mediterranean 
climate stretch far to the east. As an environment for living 
things these regions are not unlike the savanna, with the rainy 
season a winter instead of a summer one. Conditions in sum- 
mer are eictremely arid and plant-life, like that of the desert 
and the savanna, must adapt itself to drought, must become as 
is said xerophilous. It is in this zone that we come across the 
deep and widespread influence of man over centuries of 
organized, communal existence. Most of the vegetation in this 
region, at least in Europe, is cither of the cultivated kind, or 
at best all that is left, over wide areas scarcely anything at all, 
of what was once forest. For it is the habit of man, by far the 
most destructive of all animals, to divest the earth of its natural 
cover, to cut down trees, to plough up grasslands, to upset 
the great cyclical processes of nature, and all too often to make 
a desert and call it, not peace, but civilization. 

THE MIDDLE LATITUDES. Northwards again we come to the 
belt of permanent, moisture-bearing winds, the oceanic wester- 
lies, brmging well-distributed rainfall both to the margins of 
continents and, if no mountain barriers stand in their way, 
&r into the interior. The result once again is forest, deciduous 
and broad-leaved in the south, evergreen and needle-leaved in 
the north. In the centres of continents, where rainfall is com- 
{KBRtively scanty, there are grasslands of the temperate sort - 
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the inntkies of North America, the steppe-lands of Rusahi, the 
pampas of Argentina. Both in North America and in 
most of the deciduous forest has vanished under the aAe, 
and a highly artificial countryside of arable fields, enclosed 
pastures, and vineyards has taken its place. But far to the nmlh 
there still stretches a great global belt of sombre, coniferous 
forest, firom British Columbia across Canada to Hudson’s 
Bay, then from the Scandinavian coimtries across Finland, 
Russia and Siberia to the shore of the Paafic. 

Each of these, the two kinds of forest, the temperate grass- 
lands, is a great habitat of plant and animal life. Of the three by 
far the most impressive is the great belt of coniferous forest, if 
only because it is the least encroached upon by human aaivities. 
Its southern fringes are contmually whittled away by the 
demands of the timber and paper trades, scores of square miles 
are destroyed annually by fire, but for all that it stan^ virtually 
intact even today, one of the few remaining wildernesses, a 
sanctuary to mspire awe and bring refireshment. Comparison 
with that other surviving wilderness, the equatorial forest, k 
inevitable and presents a few features common to both as wdl 
as many contrasts. Both are forests, both are robed in unvary- 
ing verdure; but the trees are vastly different, not merely as 
species, to the extent that no kind of tree grows in the one and 
in the other, but also in their distribution within each. The 
equatorial forest consists of hundreds of species and it is the 
exception for more than a very few of the same kind to grow 
adjoining one another. The northern forests on the other hand 
are made up of no more than a dozen or so kinds, and their way 
is to group themselves in far-spreading, homogeneous stands 
of spruce, hemlock, pine, or balsam fir. This means that 
change is a marked characteristic of the coniferous forest, and 
change of both kinds. Spatially you pass from one stand to 
another, seasonally from hot, mosquito-haunted summers to 
winters of heavy snowfall with temperatures down to twenty 
or even thirty degrees below zero, with all that this means to 
its animal inhabitants. 
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THE TUNDRA. One great natural region remains to be men- 
tioned, that which lies beyond the tree-line, polewards of the 
forest, the arctic tundra. It is as accurate to say tundra only, 
for though a great continent encircles the South Pole, it is 
blanketed by ice and there is no comparable region in the 
southern hemisphere. The tundra, stretching from Alaska to 
Labrador, then from Lapland across Siberia to the Bering 
Strait, is in general low-lying. If it were mountainous it would 
be ice-covered like the Antarctic continent and like Greenland 
in the north. The subsoil is frozen at all times, the surface 
soil, so far as there can be said to be any, for nine months of the 
year. Travellers at first are apt to be overwhelmed by its dreary 
monotony, but with closer acquaintance find that it is by no 
means lacking in charm - the clear air, the huge horizons, the 
gentle undulations tinted in dims and greys, but surprisingly 
varied within its sombre limitations. Naturally it is treeless, or 
at best matted with dwarf willows, close-pressed to the ground, 
reaching out on all sides through the thin soil. For the rest 
during the greater part of the year mosses and lichens, 
pioneers elsewhere, are here almost the sole settlers on the 
forbidding land. In winter, at this latitude nine months long, 
blizzard . rage wantonly, punctuated by interludes of cahn; but 
in the spring a wonderful transformation lakes place. The 
temperature rises, the snow melts, the rivers clash and grind 
with slabs of ice churning seawards, and the barrens blossom 
with a wealth of alpine flowers of the sort found elsewhere 
many thousands of feet above sea-level. During the brief 
summer they complete their life-cycle, set their seed, and die. 
With them come insects, most notably mosquitoes in droning 
clouds. Flocks of migrant birds arrive and the rejuvenated 
wilderness echoes with their fluting. There are foxes, hares, 
and hosts of trekking caribou. The tundra, for all its appallingly 
severe conditions, for a season at least, becomes an environ- 
ment that teems with its own living things. 

These are the major divisions of the earth’s surface, all of 
them of great extent. They are very much the concern of the 
ecologist whose business it is to study the plant communities 
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and the animal commumties that they support. But their vast- 
ness IS an embarrassment. Relationship between plant and 
plant, between animal and animal, relationship between cadhi 
of the two and the other, to say nothing of the all-important 
influence of climate and sod, are complex beyond i ma g i ning. 
Fortunately for the ecologist, he is not called upon, in the 
earlier stages at least, to give his attention to any one of 
the great regions as a whole. Because of the limitations of 
the human mind it would indeed scarcely be a possible under- 
taking at any time. What saves the situation, pai adoxically 
enough, is that very vastness itself. The natural regions are m 
fact so enormous from the human pomt of view that con- 
ditions over any one of them could never be the same , and as a 
result, while keeping in mind the gencial simdarity in the 
broadest sense, the ecologist can fasten his attention on one or 
more of a veiy large number of minor legions, minoi habitats, 
V ithm the major one. These sub-icgions are not only num( rous, 
they arc also lanable both in si/e and m character. It is qmte 
possible. It is indeed frequently advisable, to study the smallest 
of them. Many would say the smaller the better. 

The JtiVi ^iiy of habitats 

What IS It that causes this discr^-itj wuhin broad similaiity ^ It 
might be supposed that it is climate if only because the major 
legions aie climatic regions. So it »s in ths last analysis, but 
difierences of tcmpeiature, humidity and rainfall, and -.o of soil 
conditions, are brought about by differences of reluf, by the 
diversification of the earth's surface into mountaui, hill, valley 
and plain. The whole thing could be summed up in the one 
woid slope, for it is this that causes variations both git at and 
miall in climate and soil conditions, and so m the life that the 
soil supports, from one part of the earth’s surface to another. 
Variations m rock-structure on occasions play an important 
part as well. 

Broadly spcakmg a climate becomes mote severe as altitnde 
above sea-level increases. Temperatuie drops, rainfall mcrcases» 
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Odiuls lire more keenly felt, and this has a marked efiect on plant 
life. In our own mountainous districts for instance oak-fcurest, 
where any of it has been left standing, clothes the lower slopes. 
At about the 1,500-foot contour-line trees give way to sparse 
scrub, and scrub in its turn to grass or ling. The result is a 
marked zonation, even over our modest mountain slopes. 
Where the great mountain ranges of the world are concerned, 
this zonation becomes much more noticeable from sea-level 
iqp to the snow-lme. Another and related influence is that of 
aspect. In the northern hemisphere southward-facing slopes 
receive a higher concentration of the sun’s rays than northern, 
and for that reason support a higher proportion of plants that 
are intolerant of shade. 

Slope affects also the nature of the soil, since gravity and the 
action of running water combine to cairy soil from hillsides 
down into the valleys. We can trace this same influence of 
slope over much wider areas, for what is it but sl^pe that causes 
rivers to flow, with all that that means m the way of river- 
erosion, producing marked differentiation into a steep and 
rocky upper-course, with sharp gradients and a swift current; 
a middle course, with a slackening current and the begmnings 
of a flood-plain; and lastly the lower-course, where the river 
flows sluggishly m snaking meanders over a wide and level plain. 
Rivers alone are powerful agents of diversification. Then there 
is the important influence of the water-table, the level that is 
to say below which the rocks are permanently saturated with 
moisture. As a general rule this level tends to be nearer the 
surface beneath valleys than beneath hills, and this can hardly 
feil to show its influence on plant life. Finally, and once ^ain 
to a large extent a matter of slope, there is ^e appearance of 
untenanted surfaces for plants to colonize. This may happen 
through the action of rivers depositing silt, of the sea fo rming 
mudflats, of the wind heaping up dimes of sand against some 
inland obstruction. 

All these l^lp to demarcate minor regions within majenr 
ones, smaller habitats, each with its plant and animal com- 
munity, within bigger ones. The influence of rock-structure 
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lies in the same direction, since what is soil as the getdo^pi 
reckons it but rock ? But rodc-structure in its own r^ht> alM#t 
from gravity and running water, may well be important, 
of the commoner kinds of rock is limestone in various forms, 
and the lime that it contains wields a most noticeable inflrtgnoe 
on plants, some demanding it, others perishing if they come 
in contact with it. To cite an example familiar to many, in the 
West Riding of Yorkshire the high hills of Ingleborough and 
Penyghent are built mainly of limestone, carpeted verdurously 
with grasses and all manner of lime-loving flowers. In contrast, 
much of the lower levels, mantled with glacial drift, are rela- 
tively free of lime, have an acid soil and a flora consisting of 
ling, which dominates other plants, often to the extent <3$ 
excluding them altogether, and will not grow on the limestone 
uplands. 

Plant communities 

It is because of all this, because of the great climatic natural 
regions, of the smaller climatic sub-regions contained within 
them, of differences of relief and differences of rock-structUre, 
that plants do not grow at random, but m communities or 
associations, each one characteristic of its habitat. Within that 
habitat the plants are subject to certain interacting influences, 
chiefly of soil and climate, and it ib these influences that cause 
the habitat to exist. These two are the primary factors, but 
there is another in a sense secondary, since its effect is not to 
bring the habitat into existence so much as to modify it in 
various ways. It is a set of factors rather than a single one and 
comprises those that depend on the plants and the animals 
themselves. They are the life or biotic factors, and of aU of 
them the most profound and far-reaching are those for whi(^ 
man is responsible, this of course applying only to those 
countries having a long history of human settlement, fri 
Britain for instance man has transformed a wilderness of forest, 
interspersed with grassland, into an ordered garden. In numy 
places he has not influenced habitats: he has simply wiped 
them out. But apart from this sheer destruction, his influence 
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in the vmy of deforestaoon, cultivation, grazing, fire, is seen 
everywhere. But this book is not concerned with human acti- 
tdties, except where they cannot be evaded; its concern is with 
nature, and for that reason the structure of plant communities 
and their associated animals V14II be considered, m so far as 
that is possible, as though man did not exist. 

What are the biotic factors exercismg their influence on plant 
co mmunit ies and on the animals inhabitmg them? In the 
first place it must be made clear that within any one of these 
communities plants do not grow at random, in umestricted 
competition with one another, any more than they do over the 
earth as a whole. In all of them there is organization, a graded 
hierarchy, so arranged that the severity of the struggk to exist 
is restricted by what after all is a form of cooperation The 
principle of dominance is the first consideration, by which one 
or more species, frequently one only, exercises primacy over 
the others. The dommant species gnes its namg to the com- 
munity. We speak of an oak-wood, a heather-moor, a leed- 
swamp, and in each of these the subordinate plants exist by 
sufiTerance of the dominant. Not only do they live subject to the 
restrictions imposed by the donunant, they arc found there be- 
cause they can do so The dominant plants are those that make 
the greatest demands on the resources of the habitat . the rest 
make the most of those that are left. But even at that the struggle 
is far from being umestricted. There is a sharing ol gifts. 
The dommant plants are frequently the tallest, usually the 
most numerous. The others must be tolerant of shade m vary- 
ing degrees, showing the dcgiee of their tolerance by a suit of 
stratification, oak-trees, for instance, m an oak-wood at the 
highest level, shrubs such as ha/el 01 haivthorn considetably 
lower, herbs such as primroses, bluebells, anemones formmg 
the ground-layer. There is a sharing also of moistuic-iesources 
by a stratification of another kind, the roots of the oaks probmg 
far down, relying mainly on moisture rismg from below, those 
of the shrubs to an intermediate level, those of the herbs near 
the surface, makmg use of the water that falls as ram. The 
dominant plants need not, of course, be trees. They can be 

50 



HABITAT AND COMMUNITY 

shrubs or eveu herbs, and it is climatic conditions almost soMf 
that determine which of the three they are to be. The species 
of tree, shrub, or herb on the other hand is a matter of geo- 
graphy, thought that too is largely climatic. As for the subordin- 
ate plants, their abundance and arrangement are under the 



Figure 3. Stralificauon above and below ground in a wood. 


dominion of the dominants entirely, not only as to the amount 
of light they permit, but in the shelter they provide, the 
modifications of temperature and humidity they give rise to, 
and the supply of sod-moisture they allow. The dominants 
also exercise a profound influence on the composition of the 
soil, because they are the chief producers of humus. 

Since there are smaller climatic sub-regions within any of the 
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fitsc natural r^om, so diere are smaller plant c ommo n It i e B 
^mitibin larger on%. In fact, seeing that the natural regions are 
themselves plant coxnmunities on the largest scale, this is not 
so much a case of two things being parallel as identical. A 
wood is a plant community of the kind known as an associa- 
tion, but we speak of different kinds of wood, oak-wood, ash- 
wood, beedi-wood, each a community designated by the 
species of the dominant. In the great coniferous forest belt of 
the northern hemisphere this same arrangement is seen m the 
way trees tend to associate in stands of the same species, and 
we find what amounts to pine-woods, spruce-woods and the 
rest as component parts of the great plant commumty which 
is the forest-belt as a whole. In the equatorial forest conditions 
are somewhat different and we will not find minor communi- 
ties of quite the same sort, or if we do then the dominant plants 
may consist not of one species but of several. This splitting up 
of communities can be carried a stage, if not several stages, 
farther. Within, say, an ash-wood or a stand of hemlock in the 
coniferous forest, local differences of soil-struaure or of 
moisture-content will certainly give rise to quite narrowly 
defined communities, possibly of shrubs or even of herbs, 
each with a dominant species of its own. 

ffi a restricted area such as the British Isles, so widely 
influenced by human artivities, the broader types of plant 
community are many. A recent writer on plant life in this 
country makes the foUowmg classification. Separating natural 
Ch: semi-naturd communities from natural ones, he makes 
important distinctions between various kinds of coastal com- 
munity - salt marshes, sand-dunes, shingle-beaches, rocks and 
difi^. Then come aquatic communities - ponds and lakes on 
the one hand, rivers and streams on the other. Marshes are 
m be distinguished from fens and bogs; marshes with an 
inorganic, muddy foundation, fens based on peat, more or less 
alkaline or lime-containing, bogs also based on peat but add or 
deficient in lime. Next come various kinds of grassland, separ- 
atee also by the amount of lime in the soil-water. Heaths and 
moots fiarm a separate group, as do the woodlands of some six 
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diffisrent types. Fimlly there are mountain conMaaities. 
Another botanist might draw up a somewhat different list but 
the difierences would be slight, confined mainly to the way in 
which one or more of the larger categories were divided into 
smaller ones. 

Dependence between plants and animals 

Up to now it is plants that have received the greater share of 
attention. The reason for this is the absolute dependence 
animals on plants. It was necessary to lay rhe foundations, and 
from there to work upwaids mto the complicated structure of 
animal life rising from these foundations. These are the two 
kinds of life and the two kinds of community. Ecology in the 
broadest sense is the study of both and of the strands that bind 
them together. Because of the marked distinctions between 
the two kinds of life there are plant ecologists and animal 
ecologists. Their separation to some extent is inevitable, 
since each is a subjea big enough to claim the attention of a 
specialist; but in spite of this the one can never be divorced 
from the other if anything approaching a complete under- 
standing of the wonder and complexity of life as a whole is t» 
be achieved. The animal ecologist must know something, 4he 
more the better, of plant ecology. The converse also hdds 
good, if perhaps to a smaller extent. So from this point onwards, 
while attention will be given mainly to animals, plants too will 
receive their share. We cannot have the one without the other. 
In the meantime it will be logical to enlarge upon this vital 
dependence. 

The more frmdamental reasons for the dependence of ani- 
mals on plants have already been dealt with, a matter of food- 
supply, in one word, photosynthesis. All animals without 
exception, man included, are in the last anal 3 ^i> vegetarians. 
That is primates but there are other, secondary, forms 
dependence, and perhaps the most important of them can again 
be expressed in one word — shelter. It is part of the munificence 
of plants, particularly of plants grouped into commumties, to 
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mitigate the severity of dimate, to set up circumscribed micro- 
ciunates differing in a niunber of ways from the general climate 
of the natural region in which they giow. In a cold climate the 
temperature within the shelter of a plant community will be 
slightly higher than that outside. In a hot one it will be lower : it 
is cooler within the shelter of a wood than outside. There is also 
atmospheric humidity which plants augment by their transpira- 
tion, and this is a highly important matter for all but the higher 
forms of animals, for worm-like creatures, many insects, for 
molluscs, amphibians, and reptiles, to whom desiccation is an 
insidious and ever-present danger. Perhaps the most striking 
example is to be found on a rocky sea-shore at low tide, where 
dense wet draperies of seaweeds of many kinds give shelter to 
a whole host of creatures, from sponges and hydroids to small 
lurking fishes. Without this protection all those creatures 
would die from exposure. Then there is hght-intensity, harm- 
ful to some animals, and this too plants can m(aiify. Finally 
there is direct shelter from high winds and drenching down- 
pours, Apart from these climatic considerations, many animals 
rely on plants during at least one stage of their life history. We 
have only to think of the nests of birds, oi of the host of insects 
working out the larval or pupal stages of their metamorphosis 
tucked away in some recess of woven leaves, cemented to a 
green-stem, ensconced among roots, or tunnelling under the 
bark of a tree. A semi-aquatic beetle known as Dottacia has 
perfected a beautiful refinement of this sheltering technique. 
The copper-coloured adulis can be seen in the spring on 
the leaves of bulrushes rising from the margin of lake or 
canal, but the larvae burrow into the succulent stems below 
water-level. Here they need air and succeed in findmg it 
hidden in minute pockets deep withm the tissue of the 
plants. 

The debt, therefore, of animals to plants is beyond all com- 
putiog, but dependence in nature is mutual more often than 
not, and it is a debt constantly and amply paid in more ways 
than one. The more fundamental method of payment has 
already been referred to, that yielding up of their bodies when 
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they die, so that bacteria can get to work and render dbfra the 
complex compounds contained in them to simple nitrate^ 
in this way made available to plants. In addition, as fermers and 
gardeners know, there is manure, rich in nitrogenous sub- 
stances. These two methods combine to make a payment of the 
debt so wholehearted that we might suppose it to be enough 
and more. In fact there is another return, quite distinct and 
almost equally indispensable to the plants. The truth is diat 
they depend to a very large extent on animal;* for their successful 
propagation, so much so that it is safe to say that if it were not 
for this form of assistance plants could never cover the greater 
part of the face of the eatlh as they do. 

While it is true that among plants non-sexual methods of 
reproduction by suckers, layering and the sheer proliferation of 
root-systems, are far more frequent than among animals, 
sexual methods play a major role. Another distinction is that 
the sexes are more often found together in a smgle organism. 
Self-pollination, that is the conveyance of pollen from the 
stamens to the stigma of the female organ within the same 
flower, is by no means uncommon. In spite of this, cross- 
pollination, or the carrying of pollen from plant to plant, has 
one great biological advantage in that it makes possible afar 
greater mixing of those hereditary factors, the genes, and so 
gives rise to more frequent variations which arc the raw 
material of evolution. So much stress has been laid on this 
advantage that many plants have perfected devices, sudbi as 
the lipcning of the stigmas at a different time from that of 
stamens, to prevent self-pollination. That is a negative device. 
A surer and positive one is to increase the chances of cross- 
pollination. One way of doing this is to call the wind to their 
aid, a common method among plants that are tall and for that 
reason exposed to the wind, that is to say, trees. Another, less 
common, but made use of by some river-side plants, mvolves 
running water. But both of these are chancy and wasteful 
methods. Far better to enlist the cooperation of animals, 
oflering at the same time some substantial reward for thefr 
trouble. So there has arisen, m the long course of evolutionaiy 
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fijslcMy, tibat loveljr redprocatmg contrivance, the ccoss-polfiiia" 
tba of plants by insects, by whidi many kinds of insect, par* 
tkakrly bees, but wasps, flies, beetles, butterflies, and moths 
as weU, are oflered an inducement to visit flowers. Many of 
tibese insects are at liberty to eat -pollen since there is plenty of 
it. Others are attracted by the nectar secreted by most flowers, 
while others again, the honey-making bees for instance, 
delight in both pollen and nectar. All of them in the course of 
their burrowing, exploratory visits are certain to become 
liberally dusted with pollen and consequently to convey it 
&(m flower to flower and from plant to plant. 

How this expedient first arose we can scarcely even guess, 
but we do know that it was a huge success, so much so that 
there is little doubt that those two great lines of development 
which fill the world with so much beauty, flowering plants 
and winged insects, progressed in tandem, evolved m intimate 
cooperation, each one giving rise to the other over a lapse of 
time amounting to some 200 million years. Throughout that 
time many an exquisite adaptation has been perfected m the 
structure and outward appearance both of flowers and insects. 
Among insects we find, for instance, the long probosccs of 
bees, butterflies, and moths, long in precise relationship to the 
spurs and podkets of the flowers where the nectar is to be 
&ond. To this arrangement also the bees owe the furriness of 
their bodies, a furriness made up of branched hairs, all the 
better for the entanglement of pollen-grains. On their legs 
are the pollen-baskets, crammed so often with a paste of pollen 
Boed nectar. 

As for the other side of the medal, the adaptations among 
flowers, designed on the one hand to attract insects, on the 
other to make easier both the extraction of pollen and the 
subsequent placing of it on the stigma of another flower, it is 
not too much to say that the almost infinite variety in the shape 
ttnd structure of flowers, their fragrance and their colours, owe 
their existence to the paramount importance of insect visitors. 
Wind-pollinated plants have flowers so inomspicuous tl»t 
flrequently we are unaware of them. Why should they be 
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conspicuous? Of what use to the undiscriminAting wbd art 
gaudy petals, ailiu^ng scents, elaborate devices for the sa& atal 
specialized conveyance of pollen? This is a big subject. To 
deal with it adequately a whole book would be needed. 
enou^ has been said here to make clear that in the vdujfe 
world of nature there is no more wonderful instance of mutual 
dependence. 


The pattern of life 

The pattern of life everywhere on the surface of the globe is in 
the form of a sort of mosaic made up of individual tesserae, 
each one consisting of a plant community together with m 
animal community, livmg direaly or indirectly upon it. This 
is true even of those regions where man has left his mark, on 
occasions to the extent of wiping out entirely everything that 
we call natural. After all humanity is part of the pattern. This 
analogy of a mosaic is useful up to a point, but like nearly all 
analogies it breaks down when closely examined. It would be 
grossly misleadmg if the very limited extent of its application 
were not clearly understood. A mosaic when viewed as a whole 
achieves a comprehensible design, each of its separate units 
contributing something to the total effect. So far the parallel 
can be allowed to stand, though m nature the relationship of 
the parts to the whole is incomparably more complex. It is 
when the individual parts are looked at as individuals that 
important distinaions at once appear. The parts of a mosaic 
are detachable, have sharply defined boundaries, are of simple 
homogeneous construction, and are self-contained. The tesse- 
rae of the mosaic of life have none of these qualities. They are 
indissolubly linked both with one another and with the whole, 
merge gradually as a rule, are exceedingly complex, far from 
homogeneous and seldom self-contained. 

These considerations are of the first importance, and the last 
of them must be examined further. In the natural world tte 
unit is the habitat with its two components, plant and animal.. 
The plant community consists of many different kinds of 
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jidant, usually with one of them occupying a position of 
dominance in numbers and in size. The animal com- 
munity also consists of more than one kind of animal, near- 
always of many different kinds, and the prmciple of dominance, 
though present in a way, is of a totally different sort from that 
shown among plants. Tlus will call for detailed examination 
later. The thing to be insisted upon now is that, while from one 
point of view the dependence of animals on plants carmot be 
too strongly stressed, since it is fundamental, from the point 
of view of the pattern of life it would be misleading to suggest 
that two different and adjoining plant communities would 
necessarily support two different corresponding animal com- 
munities. The two kinds of community, in other words, 
seldom exactly correspond. There is a marked tendency for 
animal communities to overlap one another, some species 
being common to two different plant communities. 

The point can perhaps be made clear by saying that animals, 
considered in this way, can be divided into three categories: 
first those that are exclusive to a particular habitat, not to be 
found in a different one; second those that are characteristic 
of their habitat but fully capable of overlapping into one of 
another kind; finally a few highly adaptable species capable 
of ranging over a wide variety of habitat. The explanation of 
this distinction between tlie two kinds of life is fairly simple. 
Animals, or most of them, are capable of movement from 
place to place: plants, with a very few exceptions, are not. It 
is also true that animals are on the whole more adaptable than 
plants. To dte examples of the three categories; water-beetles 
will not be found in the grass surrounding their pond, but are 
exclusive to the pond and to other habitats of the same kind. 
House-martins on the other hand belong, so far as their breed- 
ing is concerned, to the habitat of the fields and houses of a 
village, but ivill frequently swoop over the pond and even dip 
into the water to catch water-dwelling insects. They are charac- 
teristic of both habitats. Certain kinds of two-winged fly are to 
be found m habitats of many different kinds. Not infrequently 
the situation is complicated when an animal belongs to one 

58 



habitat and COMMUNiTt 

habitat for an early stage of its life history, but to anoth» fwr 
the succeeding stage. Dragonflies are exclusive to aquatic 
habitats so long as they are nymphs, but as soon as the st^ 
of a free-flying adult is attained, become characteristic now of 
the air above a pond, now of the fields, woods, and even gardens 
surrounding it for a considerable distance. 

Unity of the habitat 

It is of the utmost miportance to lay stress on the essential 
unity of any one habitat from the largest to the smallest. 
Climatic conditions and soil conditions, intimately bound up 
with one another, are responsible for the habitat being there 
in the first place, but it would be a capital error to think of it 
as a sort of container into which the plants and animals are 
introduced as its inhabitants. The plants arc just as much a 
part of it as its climate and its soil. So are its animals. All four 
of the components are inextricably linked. They are the habitat, 
and without all four of them, within certain limits, no habitat 
can exist. A habitat without plants in direct or indirect associa- 
tion is unthinkable. This is true even of the black and frigid 
abysses of the sea, where no plants can live. Plants are found at 
and near the surface of the sea as diatoms m uncountable 
millions. There are many animals that use them as food, and 
these when they die sink into the abysses, where abyssal 
animals live either on their dead remains or on one another. 
It is, of course, true that there are parts of the earth’s surface 
devoid of life, the snow-covcred surface of the icc-cap of the 
Antarctic continent for instance, or a stretch of absolute 
desert so sun-baked and destitute of moisture that no plant 
can endure. But both of these, besides being barren of life, 
have no soil either. They have climate and no more . They are, 
of course, potential habitats. In the case the desert area a 
very slight change of climate, even a single and rare shower 
rain, such as is not unknown, would transform it for a time at 
least into an abode of living things. On the other hand, a very 
substantial change of climate indeed would be required to 
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mollify coxtditiom stiificientiy over any part of tbe Antardic 
Cmdnent. Yet another point is worth making. In no habitat 
anywhere, so &r as this planet is concerned, can there be 
animals without plants, but in theory it should be possible to 
find a plant community destitute of animals. In practice, owing 
to the enormous success with which animals have covered the 
fiice of the earth, it is doubtful if any such thing exists. 

The size of habitats 

Hie size of a habitat is an important consideration, particu- 
larly the enormous variation in their size, and the way in which 
a single example contams many smaller ones, each of these 
citable of yet further sub-division. An English oak-wood, for 
example, is a habitat, a plant commumty of a recognizable kind, 
depending on certain soil-conditions owing their existence to 
dimatic factors measurable with some degree of Sccuracy. 

From the point of view of the geographer, interested in 
natural regions, the oak-wood is so small as barely to come 
within his notice. Ft cm that of the ecologist on the other hand 
it is large, even if no more than a few acres in extent, con- 
tains plants of many kinds &om mosses and fungi to oak-trees, 
as well as many kinds of animal from foxes and badgers to 
creeping things barely visible without a lens. The complexity 
of the relationship between all these living things is so extreme 
diat it can barely be grasped in terms of the wood as a whole. 
Before he can hope to do so, the ecologist will have to split up 
this relatively major habitat into smaller ones, a process that is 
made easier foe him because it has already been done by nature. 
As I have already pointed out, there is a three-tiered stratifi- 
cation among the plants into a tree-layer, a shrub-layer, and a 
ground-layer. Each of these is a habitat in its own right, with 
Us own animal community made up of a few exclusive, many 
dukracteristic, and some widely ranging species which lawfully 
rest'd the whole wood as their domain. 

The jHTOcess of sub-division, when it has been done to that 
cuaot, is far firom finished. In a sense each tree, shrub oad 
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betb is a habitat, an ecological unit, and could be treated 
sudi; but to do this would be wearisome to the point of 
madness and would mean endless repetition. A much mote 
practical method was used by Mr Ernest Neal in a recent 
survey of an English wood. What he did was to divide 
tree and shrub layers m the first place into leaves, buds and 
shoots, in the second into trunks and boughs, in the third into 
fruits and seeds, and in the fourth into roots. The ground* 
layer was split up somewhat similarly. On the surface was the 
layer of herbs, and here the principle of dominance came into 
play forming micro-habitats ruled by primroses, bluebells, 
dog’s-mercury, and others. Below this was the layer of leaf- 
litter, and below that the top-soil. More minute sub-divisions 
could hardly be disregarded. A chance hollow in the trunk of a 
tree, where rain-water has collected, is a recognizable habitat, 
quickly colonized by unicellular animals, by rotifers and 
mosquito-larvae. 

Examples of other habitats with similar sub-divisions and a 
comparable complexity could be cited almost without end. A 
pond in an English field is a habitat recognizable by everyone. 
Just as most people think of a wood as containing simply 
woodland creatures and woodland plants, so, perhaps even 
more so, do they think of a pond in similar simple terms. 
But simpliaty is a word no more applicable to ponds than to 
woods. No two woods, no two oak-woods, are quite the same, 
and this is true also of ponds. But all kmds of wood and all 
kinds of pond have one thing in common, and that is a differen- 
tiation of habitats firom one part to another. The general habitat 
of the pond must be divided by the ecologist into a number of 
minor ones. One of these is the surface of the water, with 
water-skaters and whirligig-beetles supported by the surface- 
film. A second is the mud of the bottom, heavily charged with 
decaying vegetable matter, and inhabited by specialized 
exploiters of this rich supply of food. A third is the bulk of the 
water itself swarming with minute forms of life, both plant and 
animal, and known usually by the collective term plankton. If 
the pond is of more than average size, parts of its surfiKX are 
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likely to be crowded with the leaves either of yellow water- 
lilies or of pondweed, possibly of both, and these anchorages of 
living green rafts will certaiedy support, during the warmer 
half of the year, a fauna richer perhaps than that of any other 
part of the pond - molluscs of several kinds, leeches, flatw’orms, 
the larvae of the chinamark moth, ensconced within dry 
pockets composed of leaf-fragments that they themselves have 
detached and shaped to their requirements, caddis-larvae in 
tubular cases, as well as great numbers of minute forms dis- 
cernible only with lens or microscope. Yet another micro- 
habitat coming within the orbit of the pond is the mud at its 
edge, where buried head-downward in the mire and waving 
their tails so as to waft currents of oxygenated water towards 
them, are the ruddy-tinted colomes of tubifex worms. 

There arc times when a habitat is less easily defined, both as 
to its total extent and as to its parts. As an example I am thinking 
of one well knovra to me, a large sand-pit witfi perpendicu- 
lar sides of yellow sand, variegated in places with those rip- 
plings known to geologists as current-bedding. The pit is of 
glacial origin, the sand deposited there to a depth of fifty feet 
and more by the torrents that once poured from melting glaciers 
towards the end of the last Ice Age. During the summer the 
floor and the lower slopes are carpeted with the soft, round 
leaves of coltsfoot, and this is very much the dominant member 
of the plant community. The leaves, raised from six to twelve 
inches above ground-level, crowd together so as to form wide 
stretches of continuous canopy, a forest in miniature; and 
this arrangement divides the habitat into two well-defined 
parts, an upper and a lower, the upper one provided by the 
overlapping leaves of the coltsfoot, tlte lower roofed by their 
woolly undersides, thronged with their stems and floored by the 
sand of the pit. Here are two very different sub-habitats, the 
one exposed to sun and rain, the other sheltered, comparatively 
dry and encompassed by shadow. The corresponding animd 
communities are sharply distinguishable. 

What might be called the lower storey, dry and sheltered, 
supports animals to which it is a permanent home, at least 
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duringthe summer. Ousters of greenfly (aphide) ensconce diem- 
selves snugly between the veins and die woolly tissue of the 
leaves, sucking perpetually at the sap. At least two kinds of small 
snail are commonly found and the coltsfoot leaves are thdr 
food. Less common than these arc spiders, sometimes with their 
broods of spiderlings, woodlice, millipedes. Major predators 
such as wrens and blackbirds make an occasional visit to this 
pygmy forest. The upper storey of the crowded leaf-surfaces, 
on the other hand, supports an almost entirely different fauna, 
this time solely of insects - two-winged flies, hover-flies, 
ichneumons, craneflies, grasshoppers, ladybird beetles, and 
three or four different species of hunting wasp, the fly-hunters 
and the spider-hunters, to whom this is a productive hunting- 
ground. It is a community differing from the first in another 
respect, for its members are not permanent residents in the 
way that the others are. They are visitors, casuals, there for a 
particular purpose, and for the most part during the hours of 
sunshine only, rising at these times with a shrill buzz when 
disturbed. The surface of the Icaf-canopy is not only a hunting- 
ground, but apparently a sort of promenade as well, and some- 
thing too of a platform given over merely to basking in the sun. 
A degree of overlap is noticeable between the two communities. 
Ladybird beetles, found on the upper storey, certainly haimt 
the lower one as well. Some kinds of spider are found in both, 
and there is little doubt that some of the hunting wat>ps extend 
their deadly predation to the shade beneath the leaves. 

So far there is relative simplicity where ub-divisions of the 
habitat are concerned. But what of the vertical or sharply 
sloping sides of the pit? Arc they to be included within the 
general environment, or do they constitute a sepaiatc one ? In 
more than one respect there is a close link between the two. 
The hunting wasps, for instance, make use of the bare sand- 
precipices to dig their burrow s which they stock with paralysed 
flies as food for their larvae. One of them, Mellims awensis, a 
neat black and yellow wasp, is very common both here and is 
the hunting-ground of the coltsfoot leaves. Again, the sides 
of the pit are honeycombed with the holes of sand-martins, and 
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RukI tiMSse hawk fteely throxigh the air many feet above the 
ooltsfoot-forest. 


Boundaries of the habitat 

Wc have arrived at the conception of the habitat and of the com- 
munities, both plant and animal, characteristic of it, of these as 
twafcing up the basic ecological imit of life. We have seen that 
habitats diflFer enormoubly both as to their components and as 
to their size, and that their animal inhabitants are all ulti- 
mately dependent on the plant inhabitants. A further point is 
that amn^s are subject to a varymg degree of overlap with 
regard to plant communities, this corresponding roughly to 
their size and mobility. But in spite of this, the limitations 
imposed on an animal community are sufficiently marked for 
it to be recognizable as such, which means that there must be 
certain bartiers, limitmg factors, to prevent unrestricted move- 
ment. Clearly the conditions that together make up a habitat 
- moisture, oxygen-content, temperature, and the rest - are 
those that the animal in question finds suitable. It is able to 
discover those conditions for itself to a large extent in a negative 
way because its physiological and nervous constitution enable 
it to respond unfavourably to conditions that would prove 
hostile. Marine animals, for instance, whose constitution is 
adapted to water heavily charged with salts, will avoid water 
that is fi'esh, because if they fail to do so they will perish. 
iNatural selection has seen to that during the long course of 
their evolution. The instinctive power of avoidance has been 
handed on to them by their ancestors. On the other hand a 
positive response may be made, ability may be manifested to 
seek out conditions not so much favourable as essential. A 
butterfly will respond positively to the scent given out by a 
certain plant in such a way that she seeks out that plant and no 
otibier on which to lay her eggs. That too is determined by 
natural selection, since if the eggs are laid on the wrong plant 
the larvae will perish. 

It by no means follows fi*om this that a marked charge in 
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any of ifie conditions making up a habitat will necessarily prove 
disastrous. Amongst them there is usually one, and perhaps 
only one, that must be maintained in a constant condition, and 
that will be the limiting factor. An animal may well be tolerant 
of changes of various sorts in its environment, and indeed this 
must be so considering that no environment remains constant 
for any great length of time. But if the limiting factor changes 
to a marked extent the result is certain to be disastrous to all 
animals limited by that factor. If a rivei changes its course 
and discharges volumes of fresh water into the sea at a different 
part of the coast, large numbers of marine animals are bound 
to perish. If some disease wipes out the one essential food- 
plant in a district at least one insect will become extinct. 
This will hold good everywhere, unless, as m fact frequently 
happciij , the animal in question is capable of migrating from 
the affected environment to a similar one that has remained 
immune. 

Now' of all the factors that make up an environment it is not 
always easy to hit upon the limiting factor. An ecologist 
investigating the distribution of molluscs in a number of lakes 
migltt find that the temperature of the water differed markedly 
from one lake to another, and might well conclude that this 
was the reason for unc^’enness m distribution. He might over- 
look the fact that the lakes showed also a marked variation in 
the amount of lime held in solution, and that this was the 
cause he was looking for, since without lime the molluscs 
would be unable to clothe themselves with shells. 


T-c 
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THE LAW OF THE JUNGLE 

When we reflect on this struggle wc may console 
ourselves with the full belief that the wai of 
nature is not mcessant, that no lear is lelt, that 
death is generally prompt, and that the tigonuis, 
the healthy and the happy survive and multiph 

CHARLhS Darwin. Iht Onc^w of SpLin^ 


Towards Ihc end of the last cenluiv the republic nt Peru 
awoke to the fact that there w'as to be found on cor tan, oifshore 
islands along their coast a source of natural wealth of th.. ^Jircat- 
est value. The Peruvians could and did make i*s' ot it them- 
selves, but what was of far greater importance for thwrn. they 
found that other nations also realized its value and a ere anxious 
to buy it in enormous quantitie;. and at a fantastic prelit to the 
exchequer of Peru. It appeared to be tncxhausiiblc and con- 
sisted of a compact powdery substance which was sanply 
excrement, the droppings of sea-birds, ncNting then bv the 
million, accumulated over the centuries and presert ed in the 
rainless climate of those islands. Thej called it guano, a fer- 
tilizer of remarkable potency, and it meant so much to Peru 
that from the proceeds of its sale there arose public buildings 
in their cities, bridges over their rivers, warehouses, and docks 
for their ports, all, so to speak, founded on excrement. For 
some years it became possible to icmit taxation, so enormous 
was the national revenue. Two things put an end to this golden 
age. One wa^ the realization that the supply was by no moans 
inexhaustible, that on many of the islands the spades of the 
excavators were gritting on the native rock. The other was the 
use of synthetic fertilizers. Today Peruvian guano is no longer 
an important export, although it is still cxtcnswely used in the 
irrigated fields of the coastal desert. 
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That is a story having human associations, and the economic 
aspect is of little interest to the ecologist, but the reasons for the 
existence of all those millions of tons of accumulated bird- 
droppings are of the utmost interest, for it is an example of a 
principle of the first importance in ecology. Investigating these 
reasons, we come upon a long and complicated chain of 
causation of wliich one end is represented by the ships of 
many nations stuffing their holds with ton after ton of natural 
fcrtiiizcr, and the other by an ocean current. This is the 
Humboldt or Peruvian Current flowing northwards from 
Antarctic waters for more than half the length of the South 
American continent, from Southern Chile to that point ofi" the 
coast of Peru where it sweeps outwards in a great curve into 
the Pacific, driven by the South-east Trades. Because of its 
far southern origin the water of the current is several degrees 
colder than that through which it flows. Added to this, yet 
moie cold water wells up from the depths to lake the place of 
the -.urface- waters which are continuously displaced. 

Now cold water is richer than warm in those chemical 
nitrates and phosphates on which plant-life in the sea, as 
elsewhere, depends. Polar seas are known to be richer in these 
substances than those nearer the equator. That is one reason 
w'hy the northward-sweeping Humboldt Current is par- 
ticularly rich in nitrates and p^’osphates. An additional reason 
is proi’ided by those upwcllings from the depths. Marine organ- 
isms, when they die, sink to the ocean floor and accumulate in 
deep drifts to form a great reservoir ol these essential salts, 
with the result that upwcllings of bottom-water are by com- 
paiison heavily charged with these same salts, causing the 
surface-water to be correspondingly rich. On this continuously 
renewed supply of vital salts an enormous wealth of marine 
plants (diatoms) flourishes exceedingly, providing an almost 
inexhaustible supply of food for rather larger but still minute 
animals. The minute animals in their tuin provide food for 
fish, while the fish perform the same service for sea-birds. 

It is this chain of cause and effect that accounts for the teem- 
ing life of the Bird Islands of Peru, one of the wonders of the 
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world - cormorants, boobies, pelicans in such numbers that 
tlwgr can be seen from the deck of a ship flying past at roosting- 
time in long wavering processions for hour after hour; or 
massed over shoals of feh and diving to prey upon them 
densely, blindingly, like snowflakes during a blizzard; roosting 
and nesting on the rocky offshore islands literally by the million. 
It is they who are the geese that lay the golden eggs of the 
guano. But something else must be taken into account, for 
without it their droppings would be found only in the form of 
white splashes on the rocks, instead of as deep dry deposits 
many feet thick. Those islands and the whole of this part of 
the coast of Peru enjoy (and for once this is siucly the word) a 
climate in which rain is almost unknown. That too is a part of 
the pattern, intimately bound up with the cold current sweeping 
along the coast, and with the direction of the prevailing winds. 

The whole thing is a chain, with the deposits of guano at one 
end and the current, with its nitrates and phosphates, at the 
other. This particular example has acquired fame because of its 
sensational economic importance, but for all that it is no more 
than an instance of a phenomenon of incalculable antiquity and 
world-wide occurrence wherever there is life. It is merely one 
example of a principle governing living creatures everywhere, 
in the sea, m fresh water, in deserts, in forests, in grasslands, 
in every kind of animal community. For the Humboldt Cur- 
rent is a habitat for life, supports a community of plants, in 
this instance of diatoms, which provides the biological founda- 
tion for an animal community of unbelievable complexity. 


The principle of dependence 

What is the primary distinaion between an assemblage of livmg 
things, whether human or non-human, deserving to be called a 
society, and one which is undeserving of that title ? The answer 
surely is dependence in some form or other, dependence of 
each member on the other members, and the community as a 
whole. Absence of dependence means each for himself and that 
is anarchy, the law of the jimgle. Introduce dependence and 
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you introduce the beginnings of society, the rudiments of 
civilization. That is true of human communities : it is true alsb 
of those composed of animals. Animal communities are organ- 
ized on a basis of dependence, and to say of them that they arc 
governed by the law of the jungle, when by that we mean 
that they are not governed at all, is libellous and imtrue. 
Obviously it would be absurd to draw a parallel between 
human and animal communities to any but a very limited 
extent, and the question arises: to what extent? It can be 
drawn further than to say that dependence is to be found in 
both. It can be drawn as far as to say that m both kinds of 
community two sorts ot dependence ai'c to be found, two 
sorts that arc, or appear to be, in conflict with one another. 
We can call one of them competitive and the other cooperative 
dependence. Human beings compete with one another, but 
they cooperate as well. The same is true of animals. 

The reasons for the existence of Peruvian guano given at the 
beginning of this chapter are an example of competitive de- 
pendence. The ecologist calls it a food-chain, and the depen- 
dence on which it is based is that of the predator on its prey. 
Without its prey the predator would starve. But dependence 
in nature is mutual more often than not. Can we trace mutual- 
ism here? Is it possib'e, without stretching a point beyond 
reasonable limits, to make out that the prey is dependent on 
the predator ? Beyond question it is possible, provided we re- 
member that what matters in the world of animals is the 
species rather than the individual. Witliout the predatoi to 
restrict its numbers within the limits of the resources of the 
environment, the prey would multiply so as to ouirun its food- 
supply. Without the predator in fact the prey runs the risk of 
suffering the same fate as the predator deprived of its prey. It 
would starve. 

The food-chain then is a part, and a h'ghly important part, 
of the great weL that binds all forms of life together, one of 
the more significant examples of that principle that life no- 
where exists haphazardly, now'here takes the form of an un- 
coordinated assemblage of predator and prey, but is organized, 
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graded to form a society in which there is fierce competition 
beyond question, but at the same time a sharing, a network of 
give and take, of exploiting and contributing. The food-chain 
is an example of competitive dependence, and in it we see at 
work that relentless struggle for existence, in which only the 
fit survive, that has so exercised the minds of inquirers since 
the time of Darwin. Tennyson summed it up in a phrase that 
has become proverbial, ‘nature red in tooth and daw’, and the 
apparent ferocity of it appalled him, as it has appalled so many. 
We are too apt to see it as a way of life in which the negation of 
law is turned into a principle, the law of the jungle, where only 
might is right. What we fail to realize is that this is no more 
than one form of dependence; that there are other forms 
deserving to be called cooperative. Modern ecology in no way 
denies the existence of fierce competition. Who that has seen 
a lion springing on to an antelope and tearing it to pieces, a 
peregrine swooping upon a pigeon, or a hunting wasp dragging 
a paralysed spider to her nest-hole, there to lay her egg on the 
spider’s inert body so that the larva can devour it alive when it 
hatches from the egg, could deny that competition is relentless 
and widespread ? What ecology has made clear is first that this 
remorseless competition is itself organized and graded ; secondly 
that while the competitive form of dependence beyond 
question exists, there arc other forms based on tolerance 
and cooperation. In this book the competitive forms will be 
examined first. The cooperative forms will be the subject of 
a separate chapter. 

FOOD-CHAINS. Obviously food-chains w’ill differ enormously 
from one animal community to another, but it is of the first 
importance to realize that all of them have certain features in 
common. The first is that wdthout exception they arc based on 
plants of one kind or another; that plants form the first link, 
diatoms in the sea and in fresh water, leaves of tree and herb in 
forest, grassland, and desert. This, of course, arises from the 
faa already stressed that animals cannot exist without plants. 
The green plant is the first link and the second is a species of 
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animal that feeds on the green plant. The third, fourth, and 
fifth, if there are as many as that in the chain, are other 
animals feeding on one another. These are carnivores, but 
since they all depend basically on a plant-eater, tliey too arc to 
that extent herbivores, though at two or three removes. Each 
link in the chain then subsists on the one below, until the last is 
reached, the far end of the cham in the form of an animal 
having, as we say, no natural enemies. Each chain is com- 
paratively simple, made up of not more than four or five links, 
on occasions only two. But this is as far as possible from 
saying that simplicity governs the system as a whole. On the 
conn ary there is extreme complexity in the relationship of 
chains to one another, in the entire food-cycle of any given 
animal community. It is m the animal community as a whole 
that wc find the close-knit, cnss-crossing web of competitive 
dependence. 

SIZE AND NUMBER. Asccondimporrantprincipleis concerned 
with the size of animals and their numbers in the separate links. 
In nature there is a general rule that the prey of an animal is 
smaller than itself. For this reason, as the chain is traced up- 
wards from its plant ioundation, the animals composing the 
links become progressit ely larger. The animal forming the last 
link is the largest of them all. 1 hat is a relationship of size, 
but there is one also of numbers, and the two are bound up so 
that the double relationship can be expressed in one sentence, 
to the effect that the smaller the animal the greater its numbers. 
This means that as the chain is traced upwards, we find a large 
number of small creatures being preyed upon by a smaller 
number of largei creatures. The idea could be expressed 
graphically as a pyramid with a broad base representing, say, 
the uncountable leaves of a forest. As the sides of the pyramid 
begin to converge we come upon aphids or greenfly feeding on 
the leaves. After that, still climbing the pyramid, we find beetles 
larger than the aphids but less numerous, using them as food. 
Then come birds, such as tits and warblers, feeding on 
the beetles. Last of all there is the apex of the pyramid 
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represaited perhaps by a single pair of sparrow-hawks prey- 
ing on the small birds, but without a natural enemy of their 
own, unless we include the gamekeeper with his gun. But the 
gamekeeper is a complication of another sort. Far better for my 
purpose to leave the apex of the pyramid in possession of the 
pair of sparrow-hawks. 

The pyramid is m many ways a more useful figure of speech 
than the chain, since while emphasizing the idea of dependent 
links or steps, it includes also that of diminishing numbers. It 
will be as well to make sure that its biological foundations are 
secure. These are twofold, concerned with two assumptions. 
Are they sound assumptions ? The first is to the effect that 
animals tend to prey on creatures smaller than themselves. That 
this can be accepted with little demur is, m fact, to a large 
extent a matter of common sense. No animal will find it worth 
while attacking another animal larger than itself, unless like a 
poisonous or constricting snake it has a special device enabling 
it to do so. But there is a lower as well as an upper limit. It 
would be no less a waste of time and energy to seek out prey so 
small as to be incapable of satisfying its needs. True, if the 
animal caught and devoured a sufficient number of very small 
creatures its needs would be satisfied in time. But the time 
required would be too long. Far better to seek out larger 
creatures. The prey of an animal, therefore, must be neither 
too large nor too small. 

But exceptions are sometimes helpful and often interesting, 
and just as in the case of the poisonous snake in connexion with 
the upper limit of size, so there is an e.xception of this kind in 
connexion with the lower limit. There are certain kinds of 
whale, the baleen- or whalebone-whales, that have found it 
abundantly worth while to subsist on enormous numbers of 
a creature smaller than themselves by many thousands of parts. 
The baleen-whales live by engulfing a sort of thick soup com- 
posed of sea water containing prodigious quantities of minute 
^imp-like animals collectively known as krill. The water is 
strained out through the whalebone sieve. So here is another 
specialized structural modification, and it is clear that one or 
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mote lioks in the normal food-chain of marine animals hat^ 
been by-passed. It is as though some remarkable hawk had 
acquired the skill to gorge itself on immense numbers of 
aphids. It can be added here that this by-passing of links occurs 
also in an English woodland. Small birds quite frequently 
feed directly on aphids. 

The other foundation of the pyramid is concerned with 
numbers. Why is its base the broadest part ? Whai is it that 
prevents the aphids, preyed upon directly or indirectly by so 
many woodland animals, from being exterminated ? Why is it 
that our one pair of sparrow-hawks, so happily free from 
enemies, do not for that reason multiply so that the wood 
becomes murmurous with their wings? The answer is that 
broadly speaking the smaller the creature the greater its rate 
of reproduaion. Most gardeners are only too well aware of the 
fantastic rate of reproduction of aphids. So concerned are these 
insects with propagating their kind that for most of the sum- 
mer they dispense with the sexual process altogether and in- 
crease by virgin-birth or parthenogenesis, no males taking 
part. The larvae of hover-flies and both the larvae and adults of 
ladybird beetles, prolific enough, arc less so than the aphids. 
So it goes on up to the sparrow-hawks, producing at the most 
four or five young in a season. This principle can be accepted 
as being true in the broadest sense and for the ecologist’s 
purpose it needs to be true in that sense only. Most certainly 
there are exceptions, but they are not enough to offset the 
effectiveness of the prmaple. 

NICHES. Intimately bound up with the food-chain or the 
p3namid of numbers is another and equally important principle 
governing all animal communities, and here too a parallel with 
human societies suggests itself. There are many ways of 
distinguishing human beings from one another, but the one 
we find most convenient is by means of tneir occupations, by 
the way they earn their living. The same applies to animals 
and this is the method used by the ecologist who distinguishes 
animals by the way they earn their living, by the kind of food 
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tliat is their staple. It is this that determines the place, the 
ecological niche, of an animal in its community. 

In the broadest sense we can place an animal in one of three 
niches, the herbivore, the carnivore and the scavenger. But the 
ecologist goes further. Each of. these, particularly perhaps the 
second, can be divided according to more or less specialized 
feeding habits. In a wood for example there is the aphid- 
eating niche occupied by certain beetles and by the larvae of 
some of the hover-flies. I'his is a highly important niche in any 
wood. In the sea there is a correspondingly important one 
filled by small crustaceans known as copepods which feed 
directly upon diatoms. By so doing and because of their great 
numbers and wide distribution, they are themselves the food 
for many kinds of fish. The copepods occupy so useful a niche 
in the marine community that the expressive term ‘key- 
industry’ was applied to them and to others like them by the 
very eminent ecologist Dr Charles Elton. There arc many 
other kinds of niche. Carnivores can be divided, for instance, 
into those that live on small mammals, such as mice and shrews, 
on the one hand, and into those that live on insects on the 
other. It is possible to split up insectivores into those specializ- 
ing in certain varieties of insect diet. 

Every species of animal then in a community has its niche. 
It is here that restriction of competition comes into play, for 
the niche system acts so as to cut down competition to a 
minimum. Even when there arc different species in a com- 
munity depending on the same food, there are means for 
keeping them apart. Insectivorous birds, for instance, tend to 
use different parts of a habitat, even different parts of the same 
tree, in their search for food. Sometimes two species requiring 
the same food are kept apart because one is diurnal in its 
habits, while the otlter is nocturnal. The nocturnal counterpart 
of the sparrow-hawk is the tawny owl. In many communities 
there are various insects that arc pollen-feeders. Among them 
competition is restricted by the fact that they reach the adult 
stage at different times of the year, when the plants upon 
which they depend are in flower. 
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A point worth keeping in mind is that similar sorts of nidie 
are often found in widely dissimilar kinds of animal com- 
munity. These communities may be adjoining ones in a country 
such as Britain, where in a woodland community a mouse- 
eating niche may be filled by tawny owls, v/hile in the fields 
outside another mouse-eating niche is filled by kestrels. The 
communities on the other hand may be widely separated. Dr 
Elton in Animal Ecology quotes examples of a niche filled by 
birds that habitually hunt for ticks on the backs of large 
mammals. Examples of this specialized occupation are found 
in tropical Africa, where the tiek-bird spends its time on the 
backs of antelopes and bufl'aloes. In England a similar niche on 
sheep is filled by starlings. Sometimes the niche includes 
breeding habits as well as food. In England, for instance, sand- 
martins nest in cliffs of sand and hawk for insects over the 
surface of ponds. Bcc-catcrs in the Nile Valley live in very 
much the same way. 

1 ERRi TORIES. There is another aspect of competitive depend- 
ence which at first sight looks like competition, not for food so 
much as for living-space. But since living-space is important to 
an animal because of the food to be found within if as well as 
for purposes of sheer dbow-ioora, this aspect too must be 
related, partly at least, to the paramount necessity for getting 
enough to eat. The fact is that vert' many of the liigher animals 
have a strongly developed territorial instinct. That is to say 
they mark out a territory for themselves which they are 
prepared to defend, not only against other species but more 
particularly against their own kind. The instinct is made use of 
by many fishes, almost all birds, and many kinds of mammal, 
but it is birds that have received the greater share of attention 
since Eliot Howard, in the twenties, first made the principle 
known. There is no doubt that this sy. rem of territories is 
immensely impiTtant in the lives of a great many species of 
animal, and this in more than one way. 

In essence it is simple enough. The world is crowded with 
living things, so much so that space on occasions is limited. 
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For diis reason there is nodiing surprising in the fact that many 
animals, at any rate for part of the year, should exercise land- 
lord rights over a portion of the earth’s surface which for the 
time being becomes an estate where trespassers will be prose- 
cuted to the extent of being attacked or at any rate threatened 
by a hostile display. Fundamentally this is a matter of restrict- 
ing, of organizing, what would otherwise be anarchy. But 
anarchy is already restricted by means of the food-chain, 
coupled Muth the system of niches. It seems, therefore, that these 
are not enough, that a further restriction is called for, and this 
is provided by the marking out of territories. Can we find any 
need for this additional restriction ? We can if we remember 
that there is a season m the annual life-cycle of an animal 
when a sufficient supply of food becomes particularly urgent, 
and that is durmg the breedmg season, when a mated pair 
has to find food not only for itself but for the young as well. At 
that time the demands made by an animal on theTood-resourccs 
of its habitat may become extreme. Hence the territory, hence 
the intimate, and it might well appear, exclusive connexion 
between the territory and the breeding season. 

But territories arc known to have a direa bearing on phases 
of the life-cycle other tlian the feeding of a brood. They have 
a direct bearmg on courtship, on rivaliy between males, on the 
finding of a mate, on the colours and aggressive displays of 
male animals, the song of birds, and the frequent contrast 
between the liveries of male and female. The territory, there- 
fore, is a phenomenon of some complexity, and it is not sur- 
prising that there should be disagreement among ecologists as 
to its full significance. The various points can be made clear 
by examples treated in detail. 

For the greater part of the year three-spined sticklebacks in 
a pond crmsc about with apparent vagueness, companionably 
in small shoals, males and females together. Durmg this period 
also, lasting from July to about the end of March, there is little 
outward distinction between the sexes. At about the beginning 
of April a marked change takes place. Indeterminate cruising 
disappears, the companionship and tolerance of the shoal 
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give way to a totally different set of conditions. The mtdea 
show a desire for solitude, and at the same time begin to take on 
striking habiliments, a breast of glowing ruby red, a suffusion of 
electric blue over the greater part of the body. The eyes, also of a 
milky blue, become more prominent. These arc their nuptial 
colours, their wedding garments, and with them they acquire 
a pugnacious temper, so that the spring coloration is associated 
not only with mating, but with a fierce intolerance towards 
members of their own species. They are in fighting trim. 

But the all-important point is that this is not a matter of 
solitude and aggtessivcness anywhere, but in one particular 
spot only, for all these changes are bound up in intimate 
relationship with a circumscribed cubic foot or so of water. 
Weed and muddy floor, over which the male stickleback pro- 
claims his lordship with every means at his disposal. His 
•Tiovements, leisurely heretofore, become vigorous and swift. 
He swims back and forth in flashing curves, punctuated with 
mtervals of immobility, when as it were he ucads water with 
flickermg fins. He flaunts his gay colours to maximum effect. 
He giimaces defiance by opening and shutting his mouth. He 
may erect his dorsal spines like standards, but above all he 
chases from his teiritory any trespassing males. These otha 
males, all in the same condition, will have marked out terri- 
tories of their own, and it is wliere adjoimng territories meet 
that the peace of the pond is most frequently broken. Border 
demonstrations, frontier forays, occur continually. On occa- 
sions one male will chase another deep into enemy territory, 
but always he returns at once to the security cf his own 
domain. For nearly all of this is blulf. a matter of threat and 
counter-threat. Actual combat in the stpse of the infliction of 
injury is very rare, and each male stickleback is swayed by two 
conflicting urges, the mge to attack and the urge to retreat. 

Defence of his territory is far from bt irg his only activity. 
The all-important urge towards reproduction is equally strong. 
This he expresses by building a nest somewhere near the ceniie 
of the territory, a mass of weed collected piece by piece with the 
same tireless energy typical of all his activnties at this time. The 
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nest grows steadily, and the builder, depending on his own 
unassisted eflforts, cements it together with a glutinous secre- 
tion from his kidneys. This done to his satisfaction, he bores 
his way through the midst of it, converting it into a tunnel. 

This nest-building is punctuated by intervals of chasmg, not 
males only but inquisitive females as well. But sooner or later 
one of the females, her abdomen already swollen with develop- 
ing eggs, will respond to his intimidating advances by taking 
up a submissive posture, head up towards the male in such a 
way as to bring to his notice her swollen belly. Then a fresh 
phase begins. The male darts to the nest and the female follows. 
He enters with the object of showing her what she is expected 
to do, and perhaps after one or two abortive attempts, she in- 
sinuates herself into the tunnel to perform that essential act 
which is her solitary contribution to this complex chain of 
events. Even in this she needs his assistance, and he hovers 
above, prodding the base of her tail as encoilragcraent and 
stimulus. When the eggs have been laid it is for the male once 
more to enter the nest, this time to fertilize them. But that is 
very far from being the last of his onerous duties. In fact it is 
now that the most exacting phase begins, for the eggs call for 
unremitting attention, not in the way of their defence, though 
that necessity exists and is attended to, but in the way of their 
aeration. The eggs, if they are to hatch, require oxygen m 
quantities greater than they could find simply by lying m the 
nest. It is the business of the male to provide it, and he does so 
by taking up a position above them and winnowing the water 
with his fins so that fresh currents are directed over them. 

After many days of assiduous attention, the eggs hatch and 
then the tiny fry have to be guarded from predators, have to 
be carefully shepherded, so that some among them will not 
show more exploratory enterprise than is good for them at this 
tender age. After a while they can fend for themselves, and the 
devoted father who has done cveiything for them except the 
one thing he is physically incapable of doing, namely start 
tliem off in life as eggs, is at last free to spend the rest of the 
year in comparative leisure. His colours quickly fade and he 
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swims away, abandoning his territory which has served its 
purpose and as such ceases to exist. 

The breeding cycle of the three-spined stickleback has been 
described in detail because it so beautifully exemplifies the 
territory principle, and because it has been intensively studied. 
Many more details could have been added, all of them of 
fascinating interest, all in some degree bound up with the 
territory, but belonging perhaps more strictly to the study of 
animal behaviour. They will receive attention later. The terri- 
tory system, of very wide occurrence among vertebrates, and 
exemplified among fishes other than the stickleback, is traceable 
perhaps among some molluscs, as well as among a few' of the 
insects. There is, for instance, a dragonfly, the green demoiselle 
{Agrion virqo), of which the male becomes fiercely intolerant of 
other males, chasing them vigorously from his own chosen perch, 
defending by so doing what looks very much like a territory. 
Little more than a beginning has been made where mammals 
arc concerned, but many of them are knowm to mark cat terri- 
tories, defining their boundaries m some instances by deposit- 
ing scent from specialized glands, in others by excretion. We 
are all familiar with the habits of dogs. 

Among birds the close correspondence between territory 
and breeding is clear show’n, though theie are some rather 
puzzling instances, for instance among robins, of the main- 
tenance of territories for many months after the breeding 
season. But since the territory system is o widespread among 
birds, there is little reason for dealing in cietail with one specific 
example. The risks inevitably attendant on the making of 
generalizations can with reasonable confidence be taken. The 
birds that breed here in Britain are either lesidents or spring 
migrants, and the territory system is well established with 
regard to both. Residents during the winter arc fairly widely 
dispersed over the countryside, some g ithcred in flocks rf 
more than one species, ranging woods and hedges for food, 
others migrating within circumscribed limits. T.he spring 
migrants at that time arc somewhere far to the south, scattered 
over Southern Europe and the greater part of Africa. TTiey 
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midb ^ shfces at intervals %xof ding to m>ecies fmm the end 
o£ Mardh to well into May. 

In both these large groups, as soon as the urge to breed 
begins to assert itself, a marked change in behaviour takes 
place, and as with the stickleback, this is a matter of intoler- 
ance replacing tolerance, compamonship givmg way to 
solitude, a greater or less degree of nomadism becoming sup- 
planted by aggressive attachment to a circumscribed patch of 
the earth’s surface. On the one hand the foraging wmter flocks 
of finches, buntings, and tits begin to break up; on the other, 
the hosts of small warblers, who have made their astonishmg 
northward journej's together, drop down out of the sky. In 
both groups the males, initiating the cycle, soon begin to 
take up terntoiies, begin too to make their voices heard: 
the chiftchaff with his chiff-chafl', the willow-warbler with his 
dying fall, and the nightingale with his song to^tax the poetic 
gemus of a Keats, and a score of others. 

The song of birds means so much to us, bound up as it is 
with the gladness and the resurgence of hope that sprmg 
conveys, that we are much mclmcd to interpret it as an ex- 
pression of that joy and hope. Who would take it upon himself 
to scoft at that interpretation ? Not, 1 should hope, the open- 
minded ecologist, though he might well protest that such 
considerations are not his concern. What is his concern is to 
interpret the song of birds on the basis of observed facts, 
and these have taught him to give it at least a double signifi- 
cance. We now know, for instance, that the song of the 
nightiugale, for all its legendary richness, is entirely practical, 
witii two meanings m particular: on the one hand a proclama- 
tion of proprietary rights, a challenge and a keep-off sign to 
rivals, and on the other an mvitation to a potential mate. On 
the whole it seems that the first, at least at the start, is of 
greater import than the second. Many birds go out of thedr 
way to make themselves conspicuous while smgmg, some 
like the blackbird and the song-thrush perching on the topmost 
branch of a tree. These perhaps are extreme examples, as 
is the skylark mountmg his bright ladder of song, but most 
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birds make«ise of wene sort bf singmg-post whiSi bei0(»ne8 
in a manner their headquarters within the territory. Tl» 
sedge-warbler and the reed-warbler on the other hand 
seem to delight in singing from the heart of a thicket or 
reed-bed. 

But this attitude towards those call-notes of birds that we 
find pleasing and so designate as song, as well as those harsher 
ones undeserving of the name, is not enough. It is too mecha- 
nistic, too much concerned with things external to the bird 
itself, conveying truth but not the whole truth. To arrive at 
the whole truth, or at any rate nearer to that goal, we could 
hardly do better than go back to the sentence at the beginning 
of the last paragraph, which conveyed the idea that the song 
of bud . is an expression of )oy and hope. If objection should 
be ma le tliat joy and hope are human and not avian emotions, 
let us tall it zest for living. A bird sings because it wants to 
sing. In that simple statement surely there is a large measure of 
truth. Students of animal behaviour do not fail to acknow- 
ledge the fact, but are much inclined to reduce it to terms of 
hormones secreted by the endocrine glands, to a physiological 
condition confined to the breeding season. But song can be 
regarded as the outward expression of an urge present in 
varying degrees at all times. Many birds sing at times other 
than the breeding-season and in places other than the territory. 
Robins sing for the greater part of the year. So do skylarks. 
Thrushes begin singing m December. 

How then arc we to reconcile this mOiO generalized view 
with the specific one that the purpose of song is to warn off 
a rival or to attract a mate? Obviously the reconciliation is 
of primary importance, and we can make it by believing that 
the generalized and inward urge has been, so to speak, seized 
upon by natural selection, given a specific purpose appro- 
priate to certain times and certain places, when an intensifica- 
tion of song is of biological advantage to the species. In this 
way it has acquired survival value down the ages. 

With regard to territoues there is a clear parallel between 
birds and sticklebacks. The w^arbler perches conspicuously 
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and |ings jus heart away. The stickleback, denied the gift 
of song, flaunts his red breast and draws attention to himself 
by swimming strongly round his territory. Again, it is true 
that among many birds the cock wears gaudy plumage. As 
with the stickleback this has faiuch to do with rivalry between 
males and with courtship; and birds, like sticklebacks, will 
defend their territories with the utmost determination against 
trespassers. A singing blackbird will break off his song when a 
rival appears in his territory, drop in a flash to the ground, 
and chase him away. Usually, once again it is a matter of 
bluff, but there are times when rival cocks will lock together 
in desperate and prolonged combat. But before long they 
separate, both to all appearances free from injury. This 
too we would expect, since the frequent infliction of injury 
would be a grievous disadvantage to the species. 

It seems clear, at least in most instances, th^t posturing and 
fighting are carried out by cocks against other cocks considered 
as trespassers in the territory more than as rivals for the favours 
of the hen. The hen-bird may not appear on the scene at all 
at the beginning, or if she does gives every indication of 
complete indifference to the rivalry of the cocks. But in 
spite of this, she can scarcely be considered as anything but a 
Idghiy important component of the pattern. Sooner or later 
the prospective mate appears in the territory attracted by the 
song of the cock, who frequently shows so little understanding 
of what her presence means that he will chase her away. There 
is no doubt that appeasement is a very necessary part of the 
process of courtship, and if the urge in the hen towards 
mating is stronger than her urge to retreat, she will indicate 
the fact by some specific and established gesture of submission, 
to which the cock sooner or later responds. There follows 
mating, nest-building, and the rearing of the brood, almost 
always within the confines of the territory. 

This is the general pattern, while details will vary from 
species to species. Gregarious nesters, like gannets and rooks, 
can be thought of on the one hand as devoid of the territorial 
instinct, or on the other and perhaps more truthfully, as 
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having narrowed their territories to the immediate surroimd- 
ings of each nest. If this is the correa view, the difference in 
the size of territories as between gregarious and solitary 
nesters is explained by the fact that in the former the amount of 
available food is not dependent on the size of the territory. 

This leads to the problem of the significance of territories in 
the widest sense. That they must confer considerable biologi- 
cal advantage seems clear from their widespread occurrence. 
There can be no doubt that the system is closely adaptive to 
conditions within the animal community. Can we say precisely 
m what way ? It happens that here, as often, it is not difficult 
M suggest reasons for their miportance on theoretical grounds. 
Territories could be valuable m saving indiscriminate and 
severe fighting, and this is borne out by the way in which a 
trespassing cock, or male stickleback, will immediately 
retreat after invading the territory of a rival. He seems to 
know that he is on alien ground and that this means trouble. 
If It were not for the territory system, he w'ould probably 
stand fast and a bitter fight would result. Secondly the 
territory could save time in the ‘•earch for food. It an animal 
can regard a certain area as liis within limits and use it as a 
more or less exclusive larder, much time and energy will be 
saved. This would be particularly important if there is a 
brood of exacting and delicate youngsters to keep both 
parents busy during the hours of daylight. In many species, 
these youngsters, are likcl}’ to die from esposurc during their 
early stages if abandoned lor long period' by parents ranging 
ovei a wide area for food. A third point is that the territory 
makca easier the finding of mates, and when this has been 
done, tightens the bond between male and female so that they 
arc more likely to stay together. Finally, and in some ways 
most important of all, it could have a direct and controlling 
influence on the density of a species ov 'i a given area. If 
it could be shown that the size of the territory remains nearly 
the same for each species, that this specific size was intimately 
bound up with minimum food requirements both for parents 
and brood, then the system would exercise the most rigid 
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ccmtrol over the number of nesting pairs of birds that a habitat 
is capable of accommodating. 

Now the ecologist, or for that matter any scientific worker, 
soon finds that it is one thing to propound a theory that seems 
to fit the facts, that is tidy and satisfying; and fi:cquently 
quite another to confirm his theory by means of experiments, 
^er all it is evidence that counts. So it is with territories, 
and the fact is that controversy still rages round the subject. 
It can almost certainly be accepted that the system effects 
some degree of spacing out, but that territories are constant 
in size for each species and are intimately related to minimum 
food requirements are both denied by David Lack, whose 
opinion deserves respect, for he has earned out an exhaustive 
study of these matters, as well 3"^ most others, in the life of 
what is undoubtedly our favourite bird, the robin. He finds, 
for instance, that the territories of robins vary widely in size, 
and that they feed frequently outside the temtory. We can 
probably believe that the territory system reduces fighting, 
that in many cases it saves time and energy in the search for 
food, particularly when there is a brood to feed, that it helps 
to bring animals of the same species together with a view 
to mating and tightens the bond between them, and finally 
that it effects a loose spacing out. That is as far as agreement 
goes, and after all it is a good deal. 

Considering the system, fi'om the point of view, not of one 
species, but of several, of all territory-holding animals in any 
commimity, clearly the situation becomes highly complex. 
The size of a territory would vary directly with the size and 
mobility of the animal. That of a pair of golden eagles, for 
instance, might well cover a square mile or more. It might 
comprise the territories of several pairs, say, of greenshanks, 
while each of these in their turn would certainly include those 
of a number of pairs of meadow-pipits. This is comparatively 
simple. A map of the territories of all the nesting birds in a 
wood, to say nothing of those of other animals, would be 
almost impossible to decipher, even if it could ever be drawn. 
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Density 

The connexion between territories and density brings me 
logically to the problem of density in general. Wc are con- 
cerned here as alwa5?s, with an animal community of many 
species, each occupying its own niche, and each linked with 
^ the others by means of the various food chains in a highly 
complex web of predator and prey. From this it follows that 
the density of any one species is a matter of the utmost impor- 
tance, not only for the speacs concerned but for the others 
as well. Now it is probable that most people giving thought 
to such matters would conclude that the density of a species 
remains the same over long periods of time. They would 
refer to a vaguely understood law known as the balance of 
nature, supposing that this balance is maintained by natural 
checks on the rate of reproduction. They would be right up 
to a point. There arc checks on the fecundity of anim^. 
There must be, or the world would be overrun. All the 
same it is necessary to state here that the balance of nature, in 
this sense, is to a very large extent a myth. It is very much of 
a mytli if by it wc undei stand an unvarying density of animal 
populations. Numbers are far from being constant. They 
fluctuate continually, sometimes wildly, and in a number of 
instances with a strange regularity. This is a matter of the 
greatest importance m two distinct way ., first because of 
the influence of these fluctuations on otncr members of the 
community, second because they affea also the evolution of 
species. 

The second of these considerations will be referred to in a 
later chapter. Sometliing must now be said about the first. 
The important thing to keep in mind is the universal success 
of all animals in propagating their kind, ii is, so to speak, an 
engine of such tremendous power that it has to be checked, 
and this is done to some extent by the system of food-chains, 
giving rise to a semblance of balance. But this is not enou^. 
Disease, for instance, might thin the ranks of a predator 
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spedes so that its prey increases out of all proportion. This 
is only one of a number of possible influences, and these could 
be either external to the animals themselves, climatic for 
instance, or internal such as disease caused perhaps by an 
increase of parasites. Any of these factors could upset the 
balance in one direction or the other, and could make itself 
felt throughout the community. But the pomt to make here 
is that every speaes considered separately tends to increase 
towards maximum density, to reach a condition of over- 
crowding. 

This IS a dangerous state of affairs, since food supply is 
bound to be threatened, and the incidence of disease and of 
parasile-infestation will increase m direct proportion to 
pressure of numbers. But in spite of this tendenev on the 
part of every specie*- to increase, theic are occasions in an 
ammal commumtv when one species or anothar diminishes m 
numbers. There may be climatic reasons for a downward 
swmg, or reasons internal to the species oi to the community. 
This too has its dangeis, some of which may be obvious 
enough. Density may become so low that the sexes find 
difficulty m meeting. Quite apart from such obvious dangers. 
It IS now known that there are others It has been proved 
experimentally, foi instance, that the length of life of the 
fruit-fly, LhosopMa, becomes reduced when the population 
sinks below a certain level. Theie is evidence also for the 
belief that then rate of reproduction is apt to be slowed down 
in the same circumstances. 

To approach an understanding of this lather chfficult matter 
we must think of the animal community as something dynamic, 
as subjected continuously to vaiied stresses and strains, both 
external and internal. These stresses and stiams, or one of 
them in particular, may act at one time so as to favour the 
natural latc of increase of a speaes, at another so as to oppose 
it. The result is a senes of oscillations, upswings and down- 
swmgs, both of them tending to brmg about a dangerous 
State of affairs if earned to extremes. The desirable state of 
affairs is neither the one nor the other, but somethmg inter- 
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mediate between the two, an optimum density as it is called. 
This optimum density becomes a sort of goal towards which 
every species strives, not by its own efforts but as a result of 
the stresses and strains to which the whole community is 
subjected. Because of the extreme complexity of all the 
component parts of a community, the optimum density is 
seldom reached by any one species, and its numbers oscillate 
abovi. and below the optimum. For the mo .t part these osdlia- 
tions are moderate m extent, normal and familiar. In one 
year, for instance, there are distinctly moic, or distinctly 
fewer, wasps than in the next. F.xamples of immoderate, less 
frequent, and sometimes staggering oscillations are those 
plagues of locusts, of caterpillars, or of mice that have often 
been recorded. 

Obviously the effect of fluctuations of both kinds on the other 
members of the community are various and widespread. The 
greater they are the deeper and the wider the effeas. Some 
of them have been intensively studied because of their econo- 
mic importance. For instance, it has become clear from the 
records of the number of furs brought in over a period of 
years to the Hudson Bay Company in Northern Canada 
that all the fur-bearing animals of this great region of conifer- 
ous forest and tundra are subjC' t to those wide and strangely 
regular fluctuations previously mentioned. The one exception 
seems to be the beaver. Two thmgs are particularly interesting 
about these fluctuations. One is rheii regularity, and the 
other the way in which years of boom anu slump often corres- 
pond when more than one species is being considered. For 
instance, the snowshoc rabbit, the Ivnx, and the red fox 
fluctuate in cycles of eleven years, that is to say, a period of 
eleven years separates one boom from the next. The arctic 
fox, on the other hand, flurtuates according to a three-year 
cycle. 

The cause of the regularity is unknowm, but correspondence 
of increase between one animal and another is clearly depen- 
dent on the fact that on ' feeds on the other, increasing when 
it is abundant. In Northern Labrador, for instance, there 
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was a plague of mice in the year IS)05> and this caused an 
increase in the numbers of foxes, of owls, and of hawks. 
The increase of mice reached plague dimensions, but, because 
of their slower rate of mcrease, this was not true of the foxes 
and the birds. On occasions such as this the lag m the increase 
of the predator animals can be so marked that they make 
little impression on the swarming prey. In Nevada a mouse- 
plague occurred m 1907, when thousands of acres of clover 
were destroyed and the ground over square miles of country 
was closely perforated with their holes. At the same time 
thousands of birds of prey and carnivorous mammals were 
feastmg royally on the mice to the tune ot a million or so 
every month, without appn ciable effect on their numbers. 

Now these of course aie recorded effects, recorded because 
of their economic importance. There would be many others 
penetratmg right through the ammal communities concerned; 
but these others, effects on the smaller buds, on insects, on 
parasites and scavengers, might be equally great, though 
unnoticed and unrecorded. 

It seems that evciy animal community may be, and from 
time to tune is, subject to fluctuations of this kind, and the 
question suggests itself: do communities differ from one 
another m being more or less subject At least a tentative 
answer can be given. It seems piobable that it is a matter of 
the relative constancy ot an enviionment. Most land habitats 
are subject to changing conditions, changes not seasonal so 
much as occurring at intervals of years. The Canadian Arctic 
is certainly one of these. On the other hand, as I have already 
pointed out, there are two major habitats far less subject to 
change. One is the equatorial forest, and the other the great 
oceamc basins. In these two, we may reasonably suppose, wide 
fluctuations in the numbers of animals are less likely to occur. 

Parasitism 

There remains one other form of competitive dependence, one 
that is exceedingly important, and from the human point of 
view exceedmgly unattractive, far more so than any other. 
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Most of US fed that though the relationship between predates 
and prey is savage and relentless, it is something we can 
accept, if for no other reason than that we practise it ourselves. 
That between parasite and host, on the other hand, we regard 
as repulsive, far less easily acceptable to tastidious minds 
than any other of nature’s ways. This is an understandable 
prejudice, but like all prejudices basically illogical. We arc 
deeply moved by the beauty of living creanires. This beauty 
takes many forms, the most noticeable being of colour and 
shape. Another and almost equally important is that of adapta- 
tion to circumstances of th' ir lives. The bumblc-bce exploring 
the flowers of a foxglove spire, a swift dcaving the air with a 
scimitar of black wings, the Indian leaf butterfly, with the 
underside of its wings counterfeiting a leaf not only in shape, 
but in markings as well; all these and hundreds of others 
arc miracles of adaptation and are beautiful for precisely 
that reason. But what could be more of a miracle of adaptation 
than a tapeworm which has degenerated to little more than 
a set of hooks and a series of detachable segments, each 
containing eggs by the thousand. Sightless, immobile, living 
in total darkness and bathed perpetually in its food which it 
absorbs through the skin, it has no need for any of the attri- 
butes It has forsworn. Alternatis cly consider the swift men- 
tioned above. This bird, and particularly the nestling, is 
infested with anything up to tweb'c louse-flies, flightless, 
blood- sucking, and of repulsive aspect, >.ach one as big in 
proportion to its host as a moderate-size ^rab would be to a 
human body. The louse-fly produces a single larva which 
pupates at once and survives the winter in or near the nest. 
Fiom this pupa an adult emerges, timing its emergence with 
the hatching of the swift’s eggs in June. Adaptation could 
scarcely go further. 

There is another point of view which should make us 
hesitate to accuse parasites of degenerate, still less of repre- 
hensible, behaviour. To do so is to regard the natural world 
from a purely human standpoint. WTio are we to pass judge- 
ment ? It is of course true that there is a big difference between 
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an animal that devours another and one that lives on or in a 
permanent host; and this difference, as Charles Elton has 
vividly pomted out, is that between livmg on capital, which 
IS the way of the carmvoie, and livmg on mcome, which is 
the way of the parasite. Foxes eat rabbits, and in so doing 
destroy them so that they are no longer capable of providing 
food; but the tapeworm inhabiting a rabbit goes one better 
and induces the rabbit to supply it with sustenance for as 
long as the rabbit continues to live. The resemblance is really 
more important than the difference, and this is made clearer 
still by the fact that, as so often in nature, there is no sharply 
dividmg hne between the one way of life and the other. The 
tapeworm is a confirmed and dedicated parasite, its host 
the rabbit a free-li\mg creatuic. But m beuveen these extremes 
there are many connecting links. The louse, like the tape- 
worm, IS a parasite but less completely so, smee it will remove 
itself from one host to another. The flea goes further and 
spends much of its time wandering abioad.*The waible-fly 
is a parasite for its lai val stage only, while as for the blood- 
sucking flies. It IS not easy to sav whether they are carnivores 
or parasites. 

Parasitism, whether we like it or not, is a widespread and 
highly successful way of life. It is a wav of life moreover 
subject to lules and restriaions like anj other. Complete 
parasites, that is to say those that pass the whole or the major 
part of their lives on oi m their host, have a really remarkable 
achievement to their credit, foi while thev are predators 
they have succeeded in converting their prey into then 
environment. With them habitat and food are one and tin. 
same. It is for this reason, if for no other, that they are very 
much the concern of the ecologist As for the general success 
of parasites, we have only to consider that for instance a bird, 
almost any kmd of bird, is quite likely to harbour some 
twenty different kmds of parasite m all parts of its body, 
internally and externally - protozoa and bacteria in the blood- 
stream; worms of various kmds, flukes, tapewoims, round- 
worms, leeches, m the digestive system, in the bronchial 
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tubes, in the air-sacs and lungs; bugs, fleas, feather-lice, 
mites and ticlts, infesting the plumage and the skin. The 
number of parasites of one kind or another is sometimes pset 
belief. Over ten thousand nematode worms, for instance, 
have been taken from a single grouse. 

Some parasites, such as many of the feather-lice of birds, 
are host-specific, which means that they infest one kind of 
bird and one only. So frequently does this happen that they 
have been made use of to trace the descent of certain closely 
related species of bird. As a way of living, parasitism varies 
in the closeness of physical intimac}" between parasitic 
associations of two free-hviiig animals at one extreme, and 
actual physiological union at the othei. Of the first group 
there arc several examples. One is the pirate or klepto- 
parasite, such as the skua that harries gulls until they dis- 
gorge the fish they have sv'allowcd. Then there is the 
M'ood-parasite like oui familiar aickoo whose evasion of par- 
ental responsibilities is veil known, or the nhneumon fly that 
lays her eggs in the living bodies of certain caterpillars. There 
arc parasitoids like the huntmg wasps to whom the host is 
a fly or a spider which •■eivcs food for the larvae of the 
wasp. Of the second group, invoUing the most intimate 
forms of parasitism, perhaps the strangest example is found 
m 'orac of the deep-sea angler fish among whom parasitism 
IS a matter of sex. The depths of the sea constitute an environ- 
ment so enormous as to be sparsely settled. This means that, 
especially with rather lethargic hirkeis like these angler 
fish, It is no casv matter for male and fimalc to meet. Once 
met It IS advisable never to pan. The male, the more active 
of the two, IS little more than a quarter as big as the female. He 
piobably tracks her down by some chemical means., and having 
found her attaches himself in so intimate a manner that the 
blood-streams of the two actually imite. 

What are the rules of the parasite game? There is one 
golden one, to work out a compromise between drawing all 
possible sustenance from the host on the one hand, and on 
the other grievously impairing or even killing it in the process. 
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Hie flow of income must be at once adequate and pereimial 
while life endures. Are the odds entirely against the host? 
It is true that as a rule it seems to come to no permanent 
harm, and can hit back to some slight extent by preening, 
dust-bathing, scratching or biting, but such measures are 

use only against ecto-parasites (those parasites that live on 
the outside of the host). There is little that the host can do 
against the sheltered endo-parasite, except tolerate it. 

PARASITISM AND ECOLOGY. Since, as I have said, to the 
parasite its host is also its habitat, there is no aspect of the 
subject that can fail to be of interest to the ecologist. There 
are two above all that are his concern. One is the response 
of the parasite to its environment, m other words the adapta- 
tions consequent upon so specialized a mode of life. To 
Study these is indeed to enter a bizarre world. 

In the first place it must be understood that uarasitism oiFers 
a secure and comfortable existence once it has been established. 
It would hardly be possible to over-emphasize the weightmess 
of the qualification in that sentence for, as though to exact 
payment for easy living, the road leading to the desired goal is 
frequently obstructed with unbelievable hazards. Outstanding 
among these is the mathematical improbability of the larvae 
ever finding the right host. Consider for instance the round- 
worm that infests grouse. The eggs are scattered over the 
heather-covered hills, and when they hatch the larvae crawl 
to the tips of the heather-shoots, which are the food of the 
grouse. If one of these harbouring a round-worm larva is 
eaten by one of the birds, all is well from the point of view 
(rf the parasite. If this does not happen the larva perishes 
Hie odds against any of them must be of the order of millions 
to one. 

The same sort of astronomical mortality must apply to 
ticks in tropical grasslands and leeches in the equatorial 
forest. As a result parasites generally possess a correspondingly 
astronomical fertility. They must lay eggs on an enormous 
scale and their reproductive organs must develop in order to 
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do SO. But that is not enough, and we find among parasites, 
as nowhere eke to the same extent, a number of highly 
specialized reproductive devices. Consider first the problem 
of those in which the sexes arc in different individuals, which 
means that two must enter the body of the host and these 
two of opposite sexes. The odds arc heavy against them, and 
there arc further heavy odds against the two meeting. To do 
so is a triumph and the most must be made of it. As with the 
angle! fish already refeiied to, they must never be allowed to 
separate, and so m ont kmd of fluke for instance the male 
embeds the female in a groove in its side; and this condition, 
approximating to that of a parasite on a parasite, prevails 
until the eggs are fertilized. Parthenogenesis, or virgin-birth, 
IS a practice fully recogni/ed, to such effect indeed that among 
some of the nematodes or round -worms no males have ever 
been found. On occasions uon-sexual forms of reproduction 
arc added to sexual ones. Thus the fertilized egg of a trematode 
or fluke may split up w ithin the body of its intermediate host 
into several million lai’^ae. Some tapeworms multiply simply 
bv budding in the larval stage, or by giving off chains of 
individuals when adult. 

Quite apart from these reproductive adaptations are certain 
charactciistic structural ones. This is largely a matter of 
atrophy, of dispensing with parts of the body for which a 
parasite has no use. Limbs were among the first to go. All that 
many of them need are hooks or spines for hanging on. Conse- 
quently feather-lice, bugs, and fleas have either lost their 
wings, or retain them only as useless vestiges, while their 
mouth-parts arc equipped with spines, often recurved. 
Leeches have suckers and exude a saliva which prevents 
coagulation of the blood of their victim. Many parasites 
have no need for eitlier mouth-parts or a digestive tracts 
since nutriment is absorbed through the surface of the body. 
Eyes and cars are equally unnecessary for liver-flukes oi 
feather-mites which have instead a specialized sense or tropism 
to guide them unerringly to the required part of, the host’s body. 
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LIFE-CYCLES. It must be remembered that parasites, having, 
as I have said, converted their food-supply into their environ- 
ment, are in fact closely boimd up with two environments, 
that of their host’s body and that much wider one to which 
the host belongs. Feather-lic ' and mites pass successive genera- 
tions on the same victim, and are not called upon to face the 
hazards of the outside world. Most parasites are less fortunate, 
having larval stages, when for a time they must fend for them- 
selves and become frcc-livmg creatures m a hostile world. As 
soon as they are eaten by the appropriate animal their parasitic 
adult stage begms. Here then is a relationship with the habitat 
of the outer scene, and perhaps it is not surprising that a 
great many parasites have learned to take advantage of the 
food-chain system, in truth of the whole food-cycle governing 
the ammal community of which they are members. Thl^ 
means distributing the stages of their life-cycle among two o, 
more hosts, one stage devoted to each. The gdvaniagc gained 
is an enhanced security, a rcduaion m some measure at Icasi 
of the extreme chanciness of their existence. In the simple i 
instances it solves the problem of what happens to the parasit 
when Its host is devoured by a predator, since an essential 
part of the scheme is that very act of devouring. 

To take one of these simpler examples: foxes eat rabbits, 
and there is a lapcwcim infesting both, passing the larval 
stage in the rabbit and the adult stage in the fox. The cycl * 
is completed when the tapewoim in the fox lays enormous 
numbers of eggs which pass out with the faeces. These eggs 
infect the grass eaten by rabbits. The more subtle refinements 
of this process must not be lost sight of. The larvae and the 
adult tapeworms do not content themselves merely with 
entering the bodies of rabbit and fox respectively. The larvae 
embed themselves in the muscles of the rabbit which the 
fox can hardly fail to devour, while the adults settle down to 
a life of ease in the intestine of the fox, from whence the eggs 
will duly be extruded. 

Other examples arc distinctly more complicated. A well- 
known one is that of the liver-fluke, causing a serious disease 
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among sheep. The secondary host is the water-snail Linmaea 
trunculata, found in damp meadows and riverside pastures. 
In the course of its long journey from the sheep by way of 
the snail, and so back into the sheep, the fluke passes through 
no fewer than seven stages. First comes the egg, passed out 
onto the grass in the faeces of the sheep. This develops into a 
ciliated larva, the miracidium, which has eye-spots sensitive 
to light and is capable of moving over the d^p grass by 
means of its cilia. Vast numbers of them die, but the odd one 
or two come in contact with a snail and bore their way into 
its tissues. Here they grow quickly and cast their cilia, becom- 
ing transformed into a totally different kind of larva, the 
sporocyst. Certain cells within them develop into a third 
kind of larva, the redia with a small mouth and a simple 
intestine. From the tvdta come^ the final larval stage, known 
as the cercarias a heart-shaped creature about half a millimetre 
in length and with a wriggling tail. It passes out of the snail 
once more to the wet world of the grass, encysts itself rapidly, 
and can survive in this condition for several months depending 
on the moisture-content cf its surroundings. It is then that 
a sheep may swallow a few' of them, when they make their 
way into the liv'er, reaching the final stage of the adult fluke. 
How did the liver-fluke faro, it is reasonable to ask, before 
man reached the pastoral stage of his development and so 
provided it with vastly increased numbers of its primary host 
grazing in damp pastures ? Presumably it made use of some 
wild grazing animal, perhaps the ancestors of our present 
sheep. Here, as so often, man has provided much more 
favourable conditions for tht pests that afflict him. 

Another example of these complex hfc-cycles is worth 
giving because it shows more than one point of peculiar 
interest. This is another fluke, Distomim imcr.^stotnumt 
parasitic in the intestine of thrushes. Once more a snail figures 
as secondary hon, Helix aspersoy and the food-chain involved 
is that found in gardens and fields, where thrushes have 
learned to take snails and crack their shells against stones. 
Who docs not know thv calm of a summer garden when the 
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silence is brc^en only by the modest impact of snail-shelt 
cm stone ? Once within the body of the snail the larva of the 
flidce makes its way to the tentacles, where it produces pig- 
ments in bands of red and green. The presence of the larva 
on the tentacles prevents th)r snail from withdrawing them, 
and it is claimed that this makes it all the more conspicuous 
to tlie bright eyes of the thrush. So here we have a parasitic 
fluke that appears to take advantage of a specialized feeding 
habit of its principal victim, since thrushes do not subsist 
solely on snails. If the point about the tentacles could be 
ainfirmed by experiment, to show that thrushes arc in truth 
more likely to pick out infested snails, it would be clear that 
tbe fluke has acquired a means of making its secondary host 
more noticeable to the piimary, truly a wondeiful example 
of adaptation and the use of advertising colours. 

These are only two examples of complex parasite cycles. 
There are others peculiar to their own habitav, making use of 
the food-cycle pertaining to the habitat. On the sea-shore, 
for instance, there is yet another fluke, parasitic this time on 
herring-gulls. Its life-cycle is more complicated than either 
of those mentioned, for it has two secondary hosts. One is 
the common periwinkle, the other a small mshorc fish called 
die goby, which herring-gulls are addicted to eatmg. 

^ One more point must be made, again showing how parasitism 
links up with ecology. Parasites, apart from pirates and robbers, 
are necessarily much smaller than their hosts. Many of them 
are themselves parasitized. Ticks and fleas, for instance, have 
protozoan parasites of their own. Once more they must be 
smaller than their hosts. Here then is a food-chain among 
parasites and hosts, but the pyiamid of numbers, instead 
of being made up of smaller numbers of larger creatures, 
is here inverted and consists of a larger number of smaller 
creatures. When the complete food-cycle is worked out 
showing one or more free-living creatures, together with 
their parasites and including the parasites on the parasites, 
some idea of the complexity of these strands of dependence 
becomes clear. 
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THE LAW OF MY NEIGHBOUR 

II fautb’ entr'aiiler : c’est la loi dc nature. 

FRENCH PROVERB 

The preceding chapter was concerned with that form •of 
dependence based on competition. For the most part it was 
a matter of competition between one kind of animal and, an- 
other, inter-specific, though this was not so in every instance. 
One important exception was the territorial system. Owners 
of territories it is true defend them to some extent against 
other species, but the greater part of their aggressive display 
is directed against their own kind, particularly by male 
against male. The present chapter will be devoted to the 
other kind of dependence, that based on cooperation. A 
great deal, perhaps most, of this is carried out between 
members of the same species, is intra-specific, but again there 
are notable exceptions My general purpose is to show that 
cooperative dependence is just as important in nature as 
competitive, though it has received far less attention. It is 
only witltin the last thirty years or so that ways of cooperation, 
though long known to exist, have been given anything like 
their due weight in the scheme of things. 

To make a somewhat paradoxical statement, if it can be 
shown that an assemblage of living creatures, in spite of 
being in keen and often bitter competition, have so organized 
their way of living as to restrict competition as far as possible, 
with the result that the resources of thc.'r environment are in 
etfect shared, then that way of living deserves to be called 
cooperative. The food-cycle, even though it means ruthless 
predation, is a method of portioning out available food. So, 
even more, is the system of ecological niches, according to 
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which each species, and each individual within the species, 
can be reasonably certain of a particular kind of food without 
having to fight to obtain it. The territory system can be simi- 
larly described, resulting as it docs at least in some measure 
of spacing out and avoidance of overcrowding. Where competi- 
tive dependence is concerned therefore we find that competi- 
tion is cut down to a minimum, and this can be achieved 
only by a truly cooperative general system. 


The urge to associate 

This is a great deal, but is very far from being all. Cooperation 
among animals goes much farther, as far in fact as to justify 
ihe conclusion that there exists throughout the world of 
animals an innate and widespread tendency to cooperate, 
to organize their existence on a basis of mutual aid. This is 
nothing less than a fundamental ecological* principle, and 
a great weight of evidence can be adduced in support of it. 
How many kinds of animal are there that live entirely solitary 
lives, apart from the absolute minimum of coming together 
demanded by sexual reproduction and the rearing of young ? 
That much cooperation at least is required, and it appeared 
at a very early date when sex came into the world, among 
animals low in the scale of development. But for the moment 
that particular form of cooperation can be set on one side. It 
is the major predators that appear as sturdy individualists, 
though not by any means all of them. Raptorial birds live and 
hunt alone, or at most in pairs. So do some predatory mammals. 
Among fishes and inveiicbrates solitude is the rule foi camou- 
flaged lurkers waiting in concealment for their prey. Foi 
the rest we find a marked tendency towards some sort of 
fioddng, if not all the time then for at least a part of the 
year. The very existence of those attractive nouns of assembly 
- a pride of lions, a gaggle of geese, a charm of goldfinches 
and the rest - is evidence of a sort on its own. 

Some kinds of association are highly specialized and 
intimate, involving animals of widely divergent relationship, 
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a few, and these perhaps the most interesting of all, 
beyond the boundaries of the animal kingdom to include 
plants, intimate partnerships between an animal and a plant, 
or between two plants. Two kinds of partnership of this 
kind are distinguished, though it is not always easy to maintain 
the distinction. They are symbiosis and commensalism. 

SYMBIOSIS. This is much the more intimate of the two, but 
the distinction between sjTnbiosis and commensalism is 
usually drattn, not according to intimacy but according to 
whether benefit is mutual or one sided. In symbiosis it is 
mutual. Where two plants are concerned the most notable 
example is the lichens, whose texture is a close weaving of the 
threads of a fungus with tlie green cells of an alga. The 
fungus, like all fungi, is deficient in chlorophyll but derives 
carbohydrates from the alga, w'hich does possess chlorophyll 
and so makes them from carbon-dioxide by photos3mthesis. 
In return for this the fungus provides the alga with water 
containing nuttient salts. Lichens arc of the utmost interest 
for the animal ecologist because of the part they play as the 
earliest colonists of a stretch of bare rock, helping to convert 
it into a habitat for the higher plants, and so for animals. They 
do much to initiate the progress of a plant sere (sec page 152). 
I'hcn there are the nitrogcn-fixmg bacteria, referred to in 
Chapter 2, partners in a symbiotic aosociation with leguminous 
plants such as peas, beans, and clovers. The bacteria, in nodules 
on the roots, build up nitrogen compounds from the air and 
these arc used by the plants. As their share of the bargain, the 
bacteria draw carbohydrates which the plants have manufac- 
tured by photosynthesis. 

As for symbiotic partnerships between animals and plants, 
they are to be found in more than one of the provinces into 
which the animal kingdom is divided. Again the plant con- 
cerned is a unicellular alga, and the animals are green for the 
same reason that plants are green, that they contain these 
cells provided with cholorophyll. A minute flat-worm known as 
Convoluta appears at It'W tide over stretches of sand on the 
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Xfiortfaem coast of Brittany in such profusion as to colour the 
sand like grass. Th^ rise to the surface in their millions to 
enlist the cooperation of s unlig ht in their work of photosyn- 
thesis. When the tide begins to turn they submerge, and soon 
not a trace of verdure is to be seen. Mutual benefits received 
in this case are of more than one kind. The animal obtains 
oxygen from the photosynthesis of the plant, and at the same 
time receives assistance in excretion whidh gives rise to phos- 
phates. These substances, which are waste products from the 
animal’s point of view, are used by the plant to form protein. 
Another benefit derived by the plant is a supply of carbon- 
dioxide, which is a product of the animal’s respiration, and 
to this can be added the protection it enjoys from its close 
physiological association with the animal. 

A very strange feature of this intimate bond is that the 
arrangement endures only while Convoluta is growing. The 
reason appears to be that during this period it seeks its own 
fijod in the form of diatoms and minute animals and at the same 
time enjoys the benefits derived from its partner. So long as 
this continues the partnership flourishes, but after a time it 
takes to devouring its own plant cells and is apparently then 
incapable of using any other food. The result is that the 
association is dissolved, whereupon Convoluta starves to 
death. Another remarkable thing about this partnerslup is 
that in one respect it is one-sided. The alga is a facultative 
symbiont, capable that is to say of an independent existence. 
To Convoluta, in contrast, the assoaation of the plant cells is 
essential. 

Another example of this sort of symbiosis, but without its 
&tai termination, is to be found in one species, or sub-specics 
of hydra, the common ffesh-water coelenterate of our 
ponds and ditches. These creatures are green and mutual 
benefits derived are the same as with Convoluta. There are 
yet more among some of the corals of tropical seas, and 
among sponges of temperate waters. A very strange example 
of symbiosis is found among many of the termites, which 
subsist on a diet of wood. This seems to us an unsatisfying 
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food, and so it is even to the termites, which are mpjip a ht e of 
digesting it without the cooperation of flagellate protozoa 
living what appears to be a parasitic existence in their digestive 
tracts. The protozoa render the wood available both to them- 
selves and to the termites, who if deprived of their assistance, 
as can be done by appl3n[ng heat, die within twenty days. 

But symbiotic relationships need not be confined to animals 
and plants, nor need they be as intimate as in these examples. 
If they arc understood as partnerships in which mutual benefit 
is conferred, many other examples could be given, though it 
is not always easy to be sure that mutualism exists. There is 
for instance a beautiful and delicate sponge of Far Eastern 
waters, Euplectella aspergillum^ more commonly known as 
Venus’s Flower Basket, that harbours a small crustacean, 
Spojigicola venusta. The method of feeding adopted by 
sponges is to draw water within their tissues by means of the 
currents they set up. With the water come minute organisms 
on which they feed. So in this instance it can be supposed 
tliat the crustacean finds easy subsistence on these trapped 
creatures, while the sponge benefits from the scavenging 
activities of Spongicola. What conclusions can be arrived 
at with regard to a small fish found frequently sheltering 
under tliat highly specif lized jelly-fish Physalia, the Portuguese 
Man-of-War, with its extremely formidable stings? The 
fish, apparently immune from the stings, gains shelter: it is 
less easy to see how Physalia benefits, unless the fish acts as 
a decoy to other fish. 

A not uncommon association between animals is when one 
lives and grows upon another, and the smaller partner is 
then known as an epizoitc, just as a plant growing upon another 
plant is called an epiphyte. This may lead to parasitism, but 
an epjzoife lives on its ow’n resources and not a*" the expense 
of its host. It is a common form of asscu'iation in the sea and 
in fresh water, and some instances may well be symbiotic. 
In the Indian Ocean there lives a small rock perch, Minom 
inermis, which never seems to be free from a heavy infestatitm 
of hydroids. It looks as though the hydroids help to conceal 
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the perch and in so doing achieve a mobility demed to most of 
their kind. A delightful and very remarkable refinement of the 
symbiotic way of life has been perfected by a crab of the genus 
Afe/ta, again firom the Indian Ocean. TMs apparently saga- 
cious creature has taken to pluckmg certain small sea anemones 
from the sand and swimming about with one of them clasped 
in each of its pincers. When the anemones catch food, after 
the manner of their kind, from the surrounding water, Melia 
, ^ends one of its first pair of walking legs and removes what 
It considers to be its share. If this is indeed an instance of 
symbiosis, wc may suppose that with the anemones the 
advantage is that gained by transport. 

Passing to dry land, we find a number of associations among 
larger animals in which benefit appears to be mutual. Most of 
us have seen starhngs perched on the backs of cattle and sheep. 
If, as seems liighly probable, their purpose is to remove keds 
and lice, then this is a simple symbiotic rrtationship, the 
starlings gaining food and in domg so helping to relieve the 
sheep of the parasites that afflict them. There is no doubt about 
similar services rendered by the ox-pecker birds of the African 
savaima to the large grazmg animals on whose backs they spend 
most of theu: time, running about all over them like mice, 
subsisting it seems entirely on ticks, biting flies and lice It is 
said that they depend also for their nesting mateiial cn the 
coarse liair of their hosts, who clearly welcome their attentions, 
though it appears that there arc occasions when the birds peck 
at wounds in the buffaloes’ hide, and in so doing become para- 
sites rather than symbionts. 

An mteresting instance of association between animals of yet 
more widely divergent relationship occuis where birds and 
formidably armed insects nest close together. There is for 
instance the boldly coloured yellow-backed oriole which has 
formed the habit of building its nest almost touching the large 
nests of wasps. The wasps, it can be supposed, serve effic’cntly 
to keep off egg-thieves, while it has been suggested that the 
presence of the brightly coloured birds act as a warning to 
intruders of the stings of the w’asps. 
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All these, though to the highest degree strange and interest- 
ing, are no naore than isolated examples of mutually benefidal 
association. If the device has proved to be a success we would 
expect to find one or more particular pattern of partnership 
illustrated by a considerable number of examples. In this 
expectation we are not disappointed, for there has come to 
light in recent years an instance of this very thing. The simplest 
term for it is ‘cleaning symbiosis’, and it can be thought of as 
closely parallel with the partnership between ox-pecker birds 
and hoofed mammals just referrred to, in which one partner 
gets its living by removing parasites from the other. This 
form of symbiosis is comparatively rare on land, but in the sea, 
more especially in tropical seas, it is now known to be common 
and widespread, to be regarded not merely as a bright idea 
perfected by a few, but as one of the primar}' relationships 
governing life in the sea. No fewer than twenty-six species of 
fish arc known to devote most, though not all of their time, to 
the systematic cleaning of other fish which welcome and eagerly 
seek out their services. Six species of shrimp do the same and 
at least one crab. To mention only one example, there is the 
golden-brown wrasse (Oxyjuhs calif ormca) of southern Cali- 
fornian waters, popularly known as the seiiorita, which clears 
both of parasites and of dead tissue waiting tlirongs of the opal 
eye (Gitella nigricans) as well as thOiC of three other species. 

This, as I have said, is a new discovery and there is no 
doubt that many more examples will come to light. For all its 
newness it has already yielded basic aitd far-reaching principles. 
Clcamag fish, for instance, of otherwise umclated groups have 
evolved convergently, so as to acquire pointed snouts and teeth 
resembling tweezers. All are brightly coloured and boldly 
patterned, conspicuous against their background. To en- 
hance the effect, some of them indulge in characteristic in- 
tention-movements, attitudes, and gj'rations deserving to be 
called advertismg displays. The services of cleaners are so 
highly valued that predatory fish leave them alone, and in 
consequence there have arisen non-clcaning impostors who 
have found it worth while to imitate them and so share the 
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enjoy. Finally it seems that particular localities 
are set apart as ‘cl eaning -stations *. resorted to from <»n- 
siderable distances by various kinds of fish in need of cleaning. 
This must mean that cle aning symbiosis plays a part of some 
note in determining the distrAution of tropical fishes. 

COMMENSALISM. The word means feeding together, and it 
is commonly stated that one of the partners benefits and not the 
other. The following examples illustrate this point, if on occa- 
sions rather doubtfully, while some multiple associations com- 
bine examples of symbiosis, commensalism and parasitism. 
As sudi they may be inconvenient for the systematist, but are 
of particular interest for the fact that they show this com- 
bination. 

Consider for instance the well-known case of the hermit- 
crab which has soft and very vulnerable hinder parts. These it 
protects by inhabiting a cast-off whelk-shell, frequently the 
shell, thus serving a secondary phase of usefulness, is found 
to be densely encrusted with polyps of the hydroid Hydracttna. 
This could be construed as symbiosis, since the hydroids gain 
transport, perhaps protection and an enhanced food-supply, 
while the crab is camouflaged by the growth on its shell. The 
same could be said of a sea-anemone, Adamsia, often found 
on a hermit-crab’s shell (Plate 2a) known to bend over when 
the crab has conveyed it to a particularly rich feeding-ground 
and sweep the floor with its tentacles. The crab, on its side, 
gains protection, or so it is reasonable to suppose, through 
the stinging tentacles of the anemone. Anothei associate cf 
hermit-crabs is a biistle-worm of the genus Nereis which 
emerges to share m the crab’s food. This looks like commen- 
salism in which one paitner enjoys all the privileges, but it is 
possible that the worm is something of a scavenger in the 
recesses of the shell, in which case the assoaation is symbiotic. 

As another instance of the difiiculty of making the convenient 
and rigid distmetions beloved of the human mind, the very 
remarkable life-history of the large blue buiterfly, Macuhnea 
atiotty can be cited. This is one of the most astonishing of all 
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animal associations, among other reasons because the lam 
of the butterfly is free-living for part of its existence, commensal 
and in a distinct sense parasitic for the rest. The large blue lays 
its eggs on wild th3ncne in a downiand habitat, and the larva 
feeds on the thyme, living on its own up to the time of its 
third moult. After that a change comes over it. It begins to 
wander about as though looking for something. So it is. It is 
looking for an ant, havmg reached a crisis in its life of such 
urgency that if it fails to find an ant it will perish. At the same 
time it now possesses an inducement for an ant to play its part 
in the strange sequence of events that follow, for it has by this 
lime developed a honey-gland secreting a sweet flmd of the 
sort for which ants have a passion. Ants are by no means 
uncommon on the chalk downs, and the likelihood of the 
encounter taking place is considerable, especially as there is 
evidence for supposing that the butterfly usually lays her eggs 
at no great distance from an ant’s nest. 

As soon as the meeting takes place, the ant is sure to take a 
lively interest in the caterpillar, and the interest is welcomed. 
The caterpillar makes this clear at first by allowing itself to be 
milked, later by hunching itself up into a curious attitude, as 
though asking to be picked up. The ant responds as it was 
meant to, and presently carries the caterpillar ofi" to its nest. It 
IS in the darkness of this alien nest tnat the rest of the meta- 
morphosis is worked out. Up to the time of its winter hiberna- 
tion and afterwards, until it pupates, the larva feeds solely on 
the grubs of its hosts, the ants, who display not the least resent- 
ment, apparently considering themselves amply paid by the 
sweet liquid of the honey-gland. This comes v*-ry close to 
symbiosis, though the caterpillar seaiss to have the best of the 
bargain. In the following summei this strange messmate, having 
emerged from the pupa, emerges also from the ant’s nest to the 
open air, where its wings expand and it becomes a free-living 
butterfly. 

Remaining among the ants we come upon another associa- 
tion of this commensal sort, and one that involves something 
much more than mere commensalism. The larva of the large 
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blue butterfly is only one of the creatures that secretes a sweet 
fluid irresistible to ants. Notable among these arc the aphids 
or greenfly, and it has been known for many years that these 
have come to mean so much to certain ants, among them the 
small black or garden ant very common in this country, that 
they have become pastoralists, solicitously lending herds of 
aphids that are regularly milked and put out to pasture, like 
so many cows, on suitable plants not far from the nest. Some 
kinds of aphids are kept in special compartments of the nest 
underground, where they subsist on the sap drawn firom the 
roots of grasses. Some writers have made out that the benefit 
derived by aphids from this protection has saved them 
firom extermination. Some degree of protection is not to be 
denied, and aphids arc defenceless and extremely sluggish 
creatures, preyed upon to a devastating extent, but we are 
probably on surer ground if we attribute their survival to their 
prodigious powers of reproduction. 

Many other creatures besides aphids are to be found in the 
nests of ants, particularly in those of the wood-ant that builds 
up those familiar mounds of pine-needles in coniferous woods. 
Some of these are tolerated and indeed welcome guests, valued 
once more for the fluids they secrete. Otheis ate scavengers 
feeding on refuse. A third category cannot be called guests and 
are parasites, devouring the larvae and pupae of the ants which 
make vain attempts to eject them. But the marauders defend 
themselves by shooting out fluids not sweet but offensive. 
There arc upwards of 300 of these myrmccophilies in Britain 
alone, most of them beetles of various kinds, though the larvae 
of some of the hover-flies are included as well. 

There are examples oSpommensalism among vertebrates. A 
remarkable one is that of a certain South American parakeet, 
which builds its nest and raises its brood in the carton-nests of 
a species of termite and will do so in no other situation. When 
the birds arrive and begin to hollow out the termitary, the 
termites rush out to repair the damage, but quite soon change 
their tactics and decide to leave the birds alone. It would be 
wholly within their power to attack the nestlings subsequently, 
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but this temptation too is overcome. In this instance it is 
clear enough what the parakeets stand to gain, since egg- 
thieves are likely to respect termites. What the termites gain, 
if anything at all, it is impossible to say. 

Again among vertebrates, is the well-known association 
between blue sharks and pilot-fish. Some of the stories con- 
cerning them are no doubt legendary, but the association exists. 
A more intimate one is that between sharks and remoras, 
which are equipped with suckers for their very firm attachment 
to their hosts. This suggests parasitism, but there seems to be 
no evidence that the remora derives nourishment directly from 
the shark. We may suppose that it gains transport and perhaps 
SCTaps from time to time from the host’s table. The shark on 
the other hand seems to gain nothing. 

WIDER CONSIDERATIONS 01- THE URGE TO ASSOCIATE. Ex- 
amples of symbiosis and commensalism, so far as they are 
distinguishable, are of the greatest interest, and no more than 
a few examples have been cited. But for all their interest and 
strangeness they arc isolated, specialized, and concerned with 
partnership between differing species of animal. Cleaning 
symbiosis is much more than this. Nevertheless if reliance 
were to be placed upoi that, as well as upon the isolated 
examples of symbiosis and commensalism, as evidence for the 
assertion that the tendency to associate for cooperative living is 
a fundamental ecological principle, no very convincing case 
could be made out. It is to other and far ronunoner examples 
that I must now turn, those for the most part between animals 
of the same species; for though the lying down together of 
the leopard witli the kid may be the symbol for cooperation in 
an idealized world, in tlie words of the prophet Isaiah, in the 
world of nature we shall be more likely to find it in the lying 
down of leopard with leopard and of kid w.sdi kid. 

We should, I suppose, begin not with complete animals, but 
with the millions of cells of which every individual animal is 
composed. The cells crowd together cooperatively to form 
tissues of muscle and fibre, while tissues associate similarly to 
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build organs, and organs in their turn to build a living body. 
But perhaps it is more relevant to the subject to consider first 
the isolated cell that, even in its isolation, is an animal on its 
ovm. I mean of course the one-celled animals, the protozoa. 
Scarcely any of them can be said to lead a solitary existence, 
and their association is of two distinct kinds: in the first place 
a crowding together of millions into a swarming aggregation, 
in the second the actual contact of a number of cells or indi- 
viduals to form a composite organism, not yet a many-celled 
creature but an organism of the kind usually known as colonial. 

An example of the first is Paramoedum, the slipper animalcule 
visible in a drop of water under the microscope. These swim 
by means of their rippling cilia, each one on its own but in 
company with scores of its fellows, and on occasions meeting 
one of them in a conjugation, which is among the earliest 
intimations of sex, and appears to be necessary for the renewed 
vigour of the stock. A more striking exam^e is the minute 
green creature, Euglena, one of those borderlmc, plant-animal 
organisms, that assemble in millmg swarms m such astronomi- 
cal numbers as to colour with vivid green the contents of a 
water-butt or even pf a pond. Some protozoa are fixed, with a 
bell-shaped body at the end of a long stalk. But the stalks have 
a common attachment (Plate 2 b). Vortkella for instance 
bunches in what looks like a tangled knot, each bell on its otvn, 
waving its aureole of cilia independently, but clearly indicating 
the bond uniting it with all the others by the way each, in 
concert with the rest, twitches back in sudden withdrawal, 
sifiralling its stalk corkscrew-fashion, when the composure of 
the colony has been disturbed. Such forms are intermediate 
between the free-swimming protozoa and closely united, colon- 
ial organisms such as Volvox, This must be reckoned as a 
plant in the form of a hollow sphere made up of hundreds of 
green cells, all united into a network so as to resemble an 
emerald of a hundred facets. 

Aggregations again of two kinds are found frequently rather 
higher in the scale, among the coclenterates which are true 
many-celled animals. There are the sea-anemones, encrusta- 
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tions of hydroids like pygmy forests covering the surfece of 
rodcs, companies of medusae or jelly-fish, branched bosses 
and Imobs of coral. In the same division of the animal kingdom 
we find colonial forms of a much more complex kind in which 
the various members of the colony are not single cells, but are 
distinguishable according to the fuaaion they perform for the 
organism as a whole. Of these the most notable examples are 
those extremely delicate creatures the iiphonophores, found 
floating on the surface of the sea, each one consisting of integ- 
rated polyps, or as tliey arc sometimes rather pleasantly called, 
persons: feeding persons, protecting persons, armed with 
stinging cells, reproductive persons giving rise to buds of 
medusae which detach themselves, as well as persons whose 
precise function in the colony remains something of a mystery. 

The ctenophores or comb-jellies, which are not coelenterates 
but are grouped into a phylum of their own, are often found in 
immense swarms. Many of the marine worms tend to group 
into aggregations, some of free individuals like the beautiful 
peacock worm {Sabella pavonta) growing in tliickets, each in 
its tube and protruding its circulai halo of tentacles ; or on the 
other hand massed mto hard bosses, like the reef-building 
worm {Sabellaria alveolar a). The echinoderms, that phylum to 
which star-fishes and sea-urchins belong, are much given to 
gregarious living, brittle-stars on the sea-floor, and in par- 
ticular the delicate crinoids, feather-stars, or sea-lilies, crowded 
hke flowers in some herbaceous border. 

Among marine molluscs aggregation becimes almost a rule, 
at least among the commoner forms. Lift up the wet fronds of 
fucoid seaweeds at low tide and you will find flat periwinkles in 
threes and fours to everj^ frond, brown, yellow, and banded. 
Dog-whelks and top-shells prefer one another’s company. So 
do the rough periwinkles, and that smaller member of the 
same genus, both found at and often abov». tlie limit of high 
spring tides. All seaside holidaymakers know the common 
limpet, closely crowded over the rocks, inert and immovable 
when Ac tide is out, browsing over contiguous territories when 
the sea covers Aem. There are close-packed beds of oysters, 
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and aggregations of mussels so dense as to cover one another. 
Among crustaceans the larger ones are apt to be solitary, but 
minute copepods, in uncountable millions, contribute notably 
to the plankton both in salt water and fresh, while everyone 
knows the throngs of that suange sessile crustacean the acorn 
barnacle (Plate loa and b). 

Passing to dry land we find a similar social appetite weU 
developed and widespread among insects - swarms of nudges 
on summer evenings, companies of mayflies along river-banks 
newly liberated from the aquatic larval stage and wavering like 
snowflakes in a flurry of wind. Among insects, as well as other 
animals, we find one of three special reasons for the urge to 
flock; for breeding, as with midges and mayflies; for passing 
the wmter months in hibernation, as with those compames of 
ladybird beetles so often found under leaves; for migration, 
as with locusts and many kinds of butterfly. Association for 
breeding purposes is extremely common amotig fishes, among 
frogs and toads. Some fishes, notably the herring, seem to 
crowd together in shoals for the whole of their lives. At times 
the purpose is spawning, at others feeding on correspondingly 
dense aggregations of plankton. Feeding in fact deserves to be 
reckoned as a fourdi reason for flocking. 

Most birds prefer relative sohtude durmg the breeding 
season, marking out territories, as described in the last 
chapter; but these, or many of them, tend to flock during the 
rest of the year, frequendy in company with other species, 
quartenng the woods in a search for food. Birds do not 
Ifibernate, but among them we find the flocking tendency used 
for every other purpose - breeding flocks, as with rooks, herons, 
gannets and many others ; migratmg flocks, probably with every 
kind of bird that migrates at all extensively (Plate 3a); feeding 
flocks, as with tits in the winter, with starlings in a field and 
most kinds of wader, following the ebbing tide, probmg in the 
sand as they go; and yet another reason, roosting, as with 
starlings, on occasions in such numbers as to resemble clouds 
of billowing smoke. 

I began by giving three reasons for the flocking urge: repro- 
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ductionj hibernation and migration. I then added a fourth, 
feeding, and subsequently a fifth, roosting. I now succumb to 
the temptation to add a sixth not unknown, that which to all 
appearances is nothing but sheer enjoyment or play. The 
specific playmates I am thinking of are lapwings that I watched 
for upwards of an hour one September afternoon. The scene 
was a reservoir surrounded by fields of arable and pasture, and 
the lapwings varied in number from thirty or so up to well 
over a hundred, for it seemed that neighbouring flocks, seeing 
the fun that was going on, decided to join in. It was mainly ovdf 
the water that they were disporting themselves, and their play 
took the form of sweeping low over the surface, to within a few 
feet. What a gay fluttering of pied wings it was, as they swooped, 
tumbled, and twisted, often making steep, banking turns. 
Occasionally one bird would shoot fifty feet and more vertic- 
ally upwards, then come twisting down. For most of the time 
they were strangely silent and at no time did I hear the familiar, 
plaintive pee-wee, or at most a soft piping no more than 
faintly reminiscent. Once or twice so exuberant did they be- 
come that a passing black-headed guU, or a jackdaw, was play- 
fully mobbed and chivvied from the scene. Once a pair of great 
crested grebes, placidly swimming, was treated in the same way, 
but this time without result. 

Mammals must not be omitted, though many of the examples 
of the social appetite among diem are almost too well known to 
be worth mentioning - the great herds of antelopes and zebras 
of African savannas; of bison that S’milarly roamed the 
American prairies until advancing civilization wiped them out, 
save for the present pitiful remnants; of caribou that still 
migrate in hordes over the Canadian tundra, soon no doubt 
to go the way of the bison. Bats of most kinds both roost 
during the day and hibernate during die winter in large 
gatherings. As for the other small maimi'jals we have only to 
think of rabbits before m^Ttomatosis, lemmings, shrews, field- 
mice, most of them at times reaching plague dimensions from 
our point of view. 

The point need not be laboured, if I have not already done 
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SO. More important is to inquire dosdy into the object of diis 
social appetite. That there exists some object other than the 
direct ones of reproducing, migrating, feeding, and the rest 
must surely be granted. There can hardly fail to be biological 
advantages in so widespread and noticeable a tendency, and 
diose advantages can be expressed generally and singly as 
something that enhances the welfare, helps to ensure the 
survival, not of individuals so much as of species, or perhaps 
more accurately of the aggregations so brought together. 

SURVIVAL VALUE OF THE URGE TO ASSOCIATE. Where feed- 
ing is concerned the object seems obvious enough, but we can 
go below the obvious in pointing out that insects, for instance, 
dislodged from the grass by a flock of feeding birds, might wcD 
be disturbed in greater numbers from the point of view of each 
bird than if it were feeding on its own. The same would apply 
to the winter flocks of tits and fmches in a wooS. Starlmgs have 
pafected an admirable method of communal feeding. The 
flock, probing among the tussocks of a field, acts as a flock, 
maintaining a constant direction of movement, and so that 
there shall be fair shares for all, the advancing front is con- 
tinuously augmented by birds from the rear flying over the 
backs of their companions. In this way every bird has its share 
of unexplored ground. Collective security against predators 
catainly plays a part. Instances are well known of flocks of 
feeding or of breeding birds ready to take alarm from sentinels, 
who utter a specific and established danger-signal. A rather 
special instance of massing for collective defence has been 
suggested, almost certainly on good grounds, in the close- 
padted flickering swarms of the minute crustaceans, Daphnia, 
in almost any pond. These might well produce a bewildering 
effect on a predatory stickleback confronted thus with an 
embarrassment of riches. A few stragglers on the outskirts 
may be snapped up, while the main body enjoys an immunity 
that would be denied them if they were widely dispersed. The 
same purpose might govern hordes of migrating butterflies, 
tx even of some birds. 
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There ^tnay be an element of defence in the communal 
roosting of starlings^ though it seems unlikely^ and it could 
hardly apply to bats who appear to be free from predation. As 
for hibernating ladybirds, snails, or once more bats, it is 
difficult to think of any underlying significance, even that of 
added warmth, since the first two are cold-blooded at all times, 
while the warm-blooded bats become cold-blooded when th^^ 
hibernate. As for play, it is well knovm among many young 
mammals, foxes, and badgers for instance, and its biological 
purpose, as with our own species, is a limbering up of muscles 
and a preparation for the battle of life. Among adult animals it 
is less common although otters, as well as other, larger animals, 
have been recorded as having the greatest fun on a mud-slide 
on the banks of a river. These tobogganing patties are made 
up of both young and old, and it is difficult to see what object 
there can be apart from amusement. 

That leaves gatherings for breeding purposes (Plate 3b), in 
some ways perhaps the most important of all. This is so wide- 
spread a custom, so successful and regularly maintained by 
natural selection, that we are surely justified in concluding that 
considerable advantage.s accrue from it. Common defence 
once more, on the principle of there being safety in numbers, 
may come into play, bui this is not altogether convincing, since 
gregarious nesters, such as rooks, gannets, and herons, are not 
victimized by predators to any marked extent, unless indeed 
for that very reason. But after all the over-riding purpose of 
these gatherings is reproduction, so it seems logical to suggest 
that it is there that we shall find the answer. 

This leads at once to one simple explanation. Breeding 
associations of all kinds result in a meeting of the sexes, in 
such a way as to increase the probability of each male coming in. 
sexual contact with a female. In that way there will be fewer un- 
mated individuals in any local population of the species. With 
fishes and amphibians, witli a few exceptions, fertilization is 
external, the females depositing eggs, which the males subse- 
quently fertilize. Where communal marriage rites are concmied 
this sequence of events is more likely to occur with regard to 
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every individual in the gathering. Where fertilization is inter- 
nal, involving some sort of mounting of the female by the male, 
the gregarious system has added importance. 

The same principle will operate both m the sea and on land. 
It will operate even among those sedentary creatures that shed 
their gametes - eggs and sperms - mto the water, depending on 
the relatively remote chance of their meeting. Eggs are gener- 
aUy inert, sperms endowed witli the power to move. The 
sperm has to seek out the egg. But an unfertilized egg has a 
very short life, and the active range of a sperm is probably no 
more than a few feet. Hence the likcUhood of the two coming in 
contact is enormously enhanced if the adults that extruded 
them live in close association with one another. 

But is there more than this ? Can it be said that efficiency of 
reproduction is increased by close association of breedmg 
pairs ? In one or two rather specialised instances there is little 
doubt that it can. There are some birds, ruffs and blackcock 
for instance, that stage gatherings of both sexes at the stait of 
the breedmg season, in which couitship displays of the cocks 
before the hens figure very prominently. There seems to be 
little doubt that sexual selection in the Darwiman sense 
takes place at such gatheimgs, the hens showing prefeience 
for the more extravagantly displaying cocks. Apart from 
this, It IS possible that each nuptially adorned and pos- 
turing cock contributes to a sexual stimulus affecting all the 
rest. 

The Scottish biologist and writei Dr Fraser Darlmg is pre- 
pared to go farther than this, though it must be added that his 
conclusions have been questioned by others. He is convinced 
that the massed presence of many animals, notably black- 
headed guUs and fulmars, produces a common stimulus to 
breedmg activity which increases with the size of the colony, 
that large colomes begin laying eggs earlier in the season, and 
lliat the egg-laying period is shorter in a large than in a small 
colony. In the life of a gull the most critical period is that from 
the hatchmg of the egg up to the end of the fledgehng stage. At 
this time chances of survival are at their lowest, not only from 
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outside predators, but from other members of the breeding 
colony as well, since wandering chicks are liable to be attacked 
often with fatal results. It appears that a relatively short 
fiedeging period corresponds to a relatively short egg-laying 
period, that in consequence a greater number of fledeglings are 
likely to survive in a large colony than in a small one. A further 
conclusion is that there is a limit to the size of a colony below 
which breeding will not take place at all. 

This theory of social stimulation in breeding colonies has 
received some confirmation. If it could be applied to all 
animals that breed gregariously, its importance becomes ob- 
vious. Certainly it is a theory one would like to believe in, 
though that of course is a thoroughly unscientific attitude. 
Every theory must be subjected to an exacting series of tests 
before it can be accepted. In science faith counts, or should 
count, for nothing. Scepticism is what matters, at least until 
a theory is generally accepted. Even then a modicum of 
scepticism is all to the good. 

COOPFRATION AMONG ANIMALS. The Statements just made 
about scepticism and the importance of testing a theory, appli- 
cable everywhere, are particularly applicable to what follows. 
The truth is that this basic idea of cooperation has been closdy 
bound up with one man, the late American biologist W. C. 
AUee, and the pages that follow owe everything to his book 
Co-operation Among Animals. I am not suggesting that AUee 
was given to theorizing without checking his theories by means 
of controUed experiments. On the contrary his findings were 
confirmed repeatedly by laboratory experiments, as set out in 
his book. What I mean is that these far-reaching, not to say 
revolutionary, findings have not yet received general acceptance. 
The century-old conception of the savagery of nature, of a 
relentless struggle for existence, in which only the fit survive, is 
stiU firmly implanted. Any theory which, though far from 
denying its existence, insists that we have made too much of die 
struggle for existence, and invites us to give equal prominence 
to a conception based on cooperation, is bound to be rejected 
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by many. Let me rqjeat that the idea of coc^>eration does not 
r^e out the idea of a struggle for existence. In effect it gives 
the struggle a wider validity^ insisting that bitter inter-spedfic 
c<»npetition is by no means the sole governing principle, that 
the life of animals is guided and governed by competition on 
the one hand and cooperation on the other. Natural selection 
operates with regard to both. The ceaseless warfare between 
predator and prey gives advantage to the efficiently armed, the 
efficiently protected, and the efficiently elusive individual, and 
so to the species; the principle of cooperation, on the other 
hand, gives advantage to the efficiently mtegrated social group 
or aggregation of many individuals of the same species, whether 
that aggregation is loosely botmd together like a population of 
Euglena in a pond or a breeding colony of gannets ; or whether 
it is a highly orgam'zed social unit like a nest of wood-ants or a 
hive of honey-bees. Competition and cooperation are comple- 
ments of one another, go hand in hand. If this bobk of mine has 
a theme above others that is it, together with the fundamental 
unity of nature, the indissoluble alliance between plants and 
animals, soil and climate, earth and air. 

The idea after all is not altogether new and I have referred 
to it already. In the chapter on competition, when dealing 
with the subjert of density, I pointed out that, while ecologists 
have long recognized that overcrowding is bound in time to 
lead to disaster, almost equal hazards are attendant upon 
too small a number, that there is such a thing as undercrowd- 
ing. The thought is inherent also in Fraser Darling’s notion 
of benefits conferred by the mere fact of association as in a 
breeding colony of birds. What Alice has done is to lay added 
stress upon, and to extend much more widely, this conception 
of undercrowding. What emerges is the importance of an 
intermediate state of affairs, an optimum density. 

Beginning with the notion that there is prosperity injnumbers, 
AUee demonstrated that ten goldfish swimming in a ^ution of 
colloidal silver, a substance poisonous to fish, survived over twice 
as long as one goldfish swimming by itself in 4 dilution of the 
same proportion. The explanation arrived at was that the fish 
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gave off a protective secretion; that, diough this secretion 
was in neitiier case sufficient to immunize them from ffie 
poison, ill effects could be postponed for more than twice 
as long when ten fish could share in the secretion given off by 
all, as when there was only one to benefit from its own im- 
assisted efforts. 

Similar results were obtained with flatworms exposed to a 
physical hazard, in this case ultra-violet radiation. This 
caused the worms to disintegrate, but more quickly if isolated 
than if grouped. Yet another series, again with flatworms, 
showed that they live longer if placed in water that has beat 
conditioned, in a sense contaminated, by the previous presence 
of dead worms of the same species, than in water not so 
conditioned. Similar results are obtained when a quality 
they require is absent as when some other quality, inimical 
to their welfare, is artificially introduced. In the last experi- 
ment the thing that was absent was an element normally 
present in their environment, and it is now known that this 
element is calcium. Dead and disintegrating flatworms, it 
seems, as well as living ones though more slowly, give off 
calcium into the surrounding water. 

On another occasion the eggs of a common sea-urchin were 
used. When one of these eggs has united with a sperm it 
divides into two after fifty minutes. This is known as the 
first cleavage and is the initial step in the development of an 
adult sea-urchin. About half an hour later there is a second 
cleavage, to be followed by others in relatively quick succession. 
After twenty-four hours of this process, complicated by other 
processes, a complete larva appears. The experiment showed 
that the period from fertilization to first cleavage, and aftM 
that to the second and third, was appreciably shorter when 
eggs were present in a relatively crowded state than if few 
were used. Even more revealing was an experiment with the 
ciliated protozoan Oxyt7-icha, which showed that reproduction, 
which is asexual as in most protozoans, reached a certain 
level when a limited number was used, but that this level 
was lower when a smaller number took part, and w^ again 
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lower with a number larger than either of these. In other 
words the significance of an intermediate or optimum density 
was clearly demonstrated. 

Experiments in the growih-J'ate of higher animals showed 
similar results with regard to optimal density. White mice, 
for instance, were found to grow at a higher rate when in 
comparatively small than in larger groups. But the lowest 
rate of growA was obtained with a solitary mouse. That this 
was not brought about by individual differences in growth- 
rate from one mouse to another was proved by repeating the 
experiment with the groups sorted differently. An experiment 
with flour-beetles of the genus Trilobium was of special 
interest because it was carried out with the beetles in their 
normal environment, namely flour, and was linked up with 
one of their normal habits. It was found in the fiist place 
that these beetles reproduce more rapidly if 9 number of 
pairs are kept together than if one pair is isolated. But two 
opposing tendencies were at work. One was the rate of egg- 
laying, together with the laying of a higher percentage of 
fertile eggs, both of these being increased by repeated mating. 
The other was the tendency of these creatures to devour one 
another’s eggs, this of course also increasing with the number 
of beetles present. The interesting point was that the working 
out of these two opposing tendencies gave rise to an optimum 
density in which more young were produced than in less or 
in greater densities. 

AUee goes on to discuss the behaviour of animals when 
loosely associated, or when bound together in some more or 
less organized social unit. He describes a number of experi- 
ments showing that such behaviour is in the first place brought 
about, in the second stimulated, by their social appetite or 
tendency to flock. This tendency may or may not have survival 
value for the species concerned, and is demonstrated in such 
things as the feeding capacity of fish, the rate at which ants 
work, the speed with which cockroaches learn to find their 
way through a simple maze, the extent to which fish are capable 
of imitating one another. Results obtained were not wholly 
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consistent; but the cautious general conclusion was that in 
such vital processes as breeding behaviour, feeding, working 
and learning, the presence of companions frequently has a 
stimulating effect, though in some instances the tendency 
was in the opposite direction. 

This leads to the important problems of the nature of 
organized units among animals, of what it is that distinguishes 
social from non-social behaviour, and finally of the evolution 
of the highly organized colonies such as those of the termites 
and insects of the bee order. Investigations led him to con- 
clude that an innate social appetite, or as he frequently 
calls it proto-cooperation, runs right through the animal 
kingdom, showing itself first among the protozoa. This 
social appetite brings with it certain advantages, has survival 
value, and accordingly tends to be preserved by natural 
selection. In many of the higher animals we find the beginnings 
of organization showing itself in the formation of graded 
hierarchies. For instance it is well known that in a flock of 
hens the individual birds are distinguishable by a peck-order. 
The dominant bird pecks all the others with impunity. The 
next has the right to peck all except the dominant bird, and 
so on down to the lowest which enjoys no pecking privileges 
at all and is pecked by the whole flock. Qualities making for 
these distinctions, as we would expect, are maturity, strength 
and health. Among gregarious mammals dominance arises 
in a different way. A herd of red deer is a matriarchal society, 
leadership resting with an old and experienced hind, and a 
sort of nucleus of the herd is made up of hinds and their 
young, with the stags attaching themselves loosely during the 
rutting season. Among monkeys and baboons the leader is 
more likely to be a male who, while tolerating the presence of 
one or two other males, drives the rest away. 

WHAT MAKES SOCIAL BEHAVIOUR? Considering these and 
other examples of organization it is natural to ask what it is thai 
constitutes social behaviour. Some would say the distinguish- 
ing feature is some form of division of labour, others that it h 
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notibing more than a broadening of family life. But perhaps 
the sunpl^t as well as the soundest view is that when animals 
behave differently in association than they do when isolated 
from their kind, then their life is to that extent social. But 
vdiichever view we take we come once more, as always, on 
that principle of gradualness of transition emphasized in the 
first chapter of this book. We find no well-defined dividing 
line between sodal and non-social. The one state of affairs, 
from species to species, merges by a series of gradations into 
the other. Division of labour, for instance, is of the utmost 
importance in the most highly organized social units to be 
found among animals, the city-states of termites, ants, and 
bees. So deep does it go that it corresponds with marked 
structural differences between the citizens, producing the 
caste-system of, for mstance, queen-ants, worker-ants, 
soldier-ants. But division of labour is found amqng some of 
the damsel-flies, the male grasping and sustainmg the female 
as she lays her eggs m the water. Are we therefore to reckon 
damsel-flies among the social insects? Only to the extent 
that egg-laying is usually carried out by several pairs at the 
same time. 

As for the evolution of the sexual aspect of animal societies 
it has been shown that one important phase of development 
has a direct relationship with crowding. The Cladocerans, 
a large group of aquatic crustaceans, of which Daphnia is 
a manber, habitually lay eggs that need no fertilization, but 
develop directly into females. These females lay eggs that 
give rise to others of the same sex. But on occasions both males 
and females appear, and the eggs resulting from their union 
have survival value because they are hardier, more resistant 
to adverse conditions such as frost or the drying up of ponds. 
The most effective way of bringing about the emergence of 
both sexes is to crowd females more closely together. It is 
worth pointing out that in nature the onset of adverse condi- 
tions would inevitably cause some degree of bunching. 

THE SOCIAL INSECTS. Another connexion between social 
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life and sex is this : when, of the two sexes, one can be shown 
to be more socially inclined than the other, it is the female <si£ 
which this is true. The societies formed by bees, ants, and 
wasps are matriarchal societies, the affairs of the state being 
carried on by the females, whether egg-la3ring queens or 
sterile workers. Males are tolerated only because of their 
ability to fertile females. When that job is done they die or 
are ruthlessly killed off. Among termites cn the other hand 
the two sexes are on a par as regards social proclivities. 
There are queen-termites and king-termites, while the workers 
are either sterile females »ir sterile males. Are termites for 
diat reason more fully organized, higher in the scale of social 
evolution than ants, bees and wasps? They might be con- 
sidered so, and yet structurally they are more primitive insects 
than the Hymenoptera. Termites could be called socially- 
minded cockroaches. 

While on the subject of termites, and considering the whole 
problem of the evolution of the social way of life, another 
important point can be made. For most of them social existence 
is much more than an advantage; it is an absolute necessity. 
When dealing with symbiosis I referred to the intestinal 
protozoa without which they are incapable of digesting thdr 
food. But each time a termite moults it loses its protozoa, 
and consequently is faced with starvation unless it can re- 
infect itself with these essential guests. This it does by devour- 
ing the excreta of its fellows. It seems reasonable therefore to 
regard this obligatory symbiotic alliance as an important factor 
in the evolution of social organization among termites. The 
two factors, an innate tendency toward^ some sort of loosdy 
integrated communal existence, and the harbouring of symbio- 
tic protozoa, could both have been present among the ancestral 
termites, and in their further development the two could have 
evolved concurrently, each stimulating' the other, each 
necessary to the other’s existence. Just how the caste-system 
came into being is a separate and much more difficult problem. 

Assuming that there is something to be said for this theory 
of the evolution of termite societies, it is natural to inquire 
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into its possible application to those of other insects. Is there 
any parallel in the form of a special inducement towards 
living together, where ants (Plate 4a), bees, and wasps are 
ccmcerned? Among ants there is an inducement and it is 
found in their system of mutual feeding. Worker ants are busily 
employed, among other activities, in feeding the larvae. 
This they do by regurgitating whatever they have been 
able to find on their foraging expeditions. They do not go 
unrewarded, for the larvae exude a sort of sugary saliva 
exceedingly palatable to the workers, who eagerly lap it up. 
This mutual feeding, or trophallaxis, is widely practised, and 
becomes the outward indication of the bond that unites them. 
But their feeding habits are communal in another way, for 
it is the business of the workers to supply the colony as a 
whole, not the queens and the larvae only but each other as 
well. Ants arc forever licking one another for the sake of this 
communal food stored m their crops, which are* compartments 
of the alimentary system capable of wide distension, and 
termed, very aptly, social stomachs. There can be little doubt 
that both these forms of mutual feeding play a very important 
part in the economy of ants. Could they have played a part 
in tlie evolution of tiieur economy as weU ? The answer might 
be tliat It is the result and not the cause of their intricately 
organized societies. In its present highly developed form no 
doubt this is true, but that need not mean that some rudimen- 
tary form of it was not present at an early stage and helped to 
bind ants into societies. Having ventured upon that statement, 
it is a httle disconcerting to be compelled to admit that tro- 
phallaxis does not appear to be known among bees. 

This flocking urge, this social appetite, which AUee raises to 
the status of an ecological principle of the first importance, can 
hardly be ignored. I have pointed out that it can have a variety 
of purposes, both superficial and underlying, and that in many 
instances we can trace distinct survival values. His experiments 
confirming its existence are remarkable, but they have one 
serious handicap. They are experiments conducted in the 
inevitably artificial surroundings of the laboratory, where it is 
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impossible to reproduce natural environments. That AUee was 
well aware of this deficiency is clear from a section of his book 
devoted to instances drawn from animals in their natural habi- 
tat that he had been able to find. But they do not amount to 
very much, and what is urgently needed is a series of experi- 
ments carried out in the open air, in forests and grasslands, in 
salt water and fresh. Only there can the subjert be fully ex- 
plored. The trouble is that the difficulties of carrying out such 
experiments, of isolating the members of any one species, of 
transferring those rigidly controlled conditions essential to such 
an investigation from the laboratory to the field, are so great as 
probably to be insuperable. 
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SOME ANIMAL COMMUNITIES 

What’s good for the bee is good for the hive. 

ENGLISH PROVERB 

Two chapters have now been devoted to the various ties bind- 
ing animals to one another, ties on the one hand competitive 
and on the other cooperative. Logically the next step is to 
gather these together, to make some attempt at describing their 
interaaion so far as it can be seen at work among animal com- 
munities of various kinds. I must make it clear that this is a 
very tall order indeed, that the expression ‘making some 
attempt’ is no empty one, and that the attempt^ made in tlie 
following pages will fall very short indeed from being complete. 
The reason for this is no secret. The web of life is so complex 
that it is doubtful if any ecologist has yci succeeded in working 
out the complete food-cycle corresponding to a habitat more 
extensive than a few square yards of heatliland, the shallows of 
a pond, or a rock-pool abandoned by the tide. 

No single worker could hope to describe the intricacies of the 
complete web over a wide area, giving due attention to food- 
chains, niches, parasite-associations, territories, oscillations be- 
tween predators and prey, sub-social aggregations of one 
spedes, the links binding one such aggregation with others and 
dl the rest. A team of workers would be needed, continuing 
their investigations over a period of years, assisted by anotlicr 
team of expert identifiers for all the lower and smaller forms of 
life concerned. The work would be slow, laborious, and costly; 
the first stage no more than the amassing of an immense amount 
of data, to be followed by a second taken up with correlation 
point by point and each point with the whole. Ecology is still a 
new sdence, and it is only within the last twenty to thirty years 
that its complexity has been realized. Some aspects are of great 
economic importance, for instance the food-cyde in the sea, 
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bound up as it is with the fishing industry. It is not surprising 
therefore that long-term investigations have been subsidized by 
government departments and conducted, not in a spirit 
disinterested research, but with a practical end in view. 

For these reasons what follows will be highly selective, very 
far firom complete, and concerned with one or two of the major 
varieties of habitat only. One word of caution is perhaps advis- 
able ai the outset. It is possible that an impression has been 
given up to now that the ties linking animals in a community 
are so many and so varied that the interested observer may ex- 
pect to find furious and unceasing activity, various kin^ of 
animal continually devouring various other kinds, fighting, 
mating, exploiting one another, coming continually in contact 
in all sorts of ways. Nothing of the kind. There is no bustle, no 
hectic hurry in the life of animals. That is a human disease. The 
life-span of almost all of them is far shorter than that of human 
beings, but the brevity of life does not worry them. There is 
plenty of time. There is also, except on rare occasions, plenty of 
room. They go about their business deliberately, without fuss, 
and their patience is inexhaustible. Although we can be sure 
that they are engaged on some occupation, it will seem that 
many, as wc watch them, arc doing nothing in particular. 

A zcoodland community 

The woodland chosen is the common English oak-wood, witii 
the three layers of growth as previously described. A broad out- 
line of food-chains and niches has been given already, so all 
that remains is to enter rather further into detail. For tliis I am 
deeply indebted to Mr Ernest Neal’s Woodland Ecology. 

Beginning with niches, we find in the first place the three 
great groups, each one sub-divided. Thus vegetarians in a wood 
include defoliators such as caterpillars, slugs, snails, mice, and 
voles; sap-feeders such as aphids, bugs, and frog-hoppers; 
fruit- and seed-eatets such as weevils, mice and some of the 
smaller btds; bark-eaters such as bark-beetles, woodlice, 
millipedes; fungus-eaters such as fiy-larvae and some beetles. 
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Next come the carnivores, predators of many different kinds, 
ladybird beetles, hover-fly larvae, insectivorous birds, and some 
preferring molluscs and worms. After them come tlie mam- 
mals, some of them also insect-eaters, foxes, badgers, stoats, 
hedgehogs. Predators of a different kind are the blood-sucking 
mosquitoes, as well as parasites such as fleas, ticks, feather -lice. 
Last come the scavengers of two broad kinds: those that feed 
on plant detritus in the leaf-litter and the topsoil, such as 
springtails, earthworms, mires; and those depending on animal 
matter, the dung-eaters like certain flies and their larvae and 
many beetles, and the carrion-eaters, again fly-larvae and 
beetles. 

That is a faitly formidable enumeration, but in fact a highly 
simplified one. The important point is that though keen com- 
petition exists between members of the same species, the species 
occupying the same niche commonly do not compete because 
they feed at a different time, or m^c use of wnat are really 
different parts of the same niche. Occupiers of different niches 
do not meet at all. 

Food-chains can be divided into three main groups, each 
division making a separate food-cycle on its own, though with 
links connecting one with the others. The three can be distin- 
guished according to the plant material on which they are based. 
First comes the leaves of the trees with the aphids that feed on 
them, but that one has been described already. The second is 
based on dead plant remains, on carrion, and on excrement; 
involving many kinds of insect, woodlice, and spiders, and cul- 
minating, like all the food-chains in tlie wood, in the larger car- 
nivorous birds and mammals. Then there is a very complex cycle 
involving parasites, many of these including hyper-parasites and 
so giving examples of the inversion of the pyramid of numbers. 

The territorial instinct is much in evidence in a wood, parti- 
cularly among almost all the birds, both resident and migrant. 
If there is a sett of badgers it is probable that they regard the 
whole wood as their territory, of which the boundaries, though 
not manned, are likely to be marked out by the depositing of 
scent from their glands. Much the same is probably true for 
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foxes. Sub-sodal aggregations will not be lacking, particularly 
among aphids, the key-industry of the woods, closely padced as 
they invariably are on leaf and stem. During the winter, hiber- 
nating parties of ladybird beetles can sometimes be found under 
dead leaves. Winter foraging parties of small birds, frequently 
consisting of more than one species, have been mentioned 
previously. 

I bring this extremely sketchy description of woodland econ- 
omy to a close with one very striking instance of cooperation. 
If aphids make up the most important supply of food at the 
base of food-chains, another almost equally important is pro- 
vided by caterpillars of many different kinds. These become of 
special importance to all the smaller birds when they have 
nestlings to feed. It has been found that there is close syn- 
chronization between the requirements, for instance, of parent 
blue-tits and the time of maximum density of caterpillars of 
moths of the genus Tortrix and others. But cooperation is more 
finely adjusted than this might suggest, for the growth of nest- 
lings and of caterpillars keep closely in step. As the nestlings 
become larger and more voracious, so the caterpillars increase 
in size. 

To what extent can this integrated economy be applied to 
woods of a different kind ? In many of them at any rate we can 
be sure that the parallel is quite close, allowing of course for the 
contrast in species. In the great cornferous forest belt of the 
northern hemisphere, for instance, the complex network of 
relationship could hardly fail to be very much the same. 
Virtually the same list of niches would serve for both. The 
species are entirely different, but that does not affect the issue. 
In an English oak-wood and in the forests of Northern Alberta 
there are aphids and caterpillars, carnivorous mscct-eating 
birds, raptorial birds. The food-chains connecting them are 
broadly the sam'', though some contrast is to be expected firom 
the presence in tlie Canadian forest of many more large mam- 
mals, foxes and badgers in the one, wolves, deer, moose, m the 
other. As for the equatoiial forest, there are added complica- 
tions, but even there a broad similarity underlies contrasts 
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brought about, for instance, by the vastly more numerous 
insect population. 

For ibe sake of completeness this chapter should deal in con- 
siderable detail with a great variety of habitats and communi- 
ties, a number corresponding at least to the great natural 
regions. This perhaps would be wearisome, even if considera- 
tions of space did not forbid it. For these reasons, also because 
the great continent of animal ecology is as yet only partly ex- 
plored, I will abandon the land for the rest of this chapter and 
take to the water, both fresh and salt. After all this is no un- 
reasonable course to take, seeing that salt water alone covers 
nearly three-quarters of the surface of our planet. 


The fresh-zoater community 

We would expect to find niches in fresh water as on land, and 
again there arc the three main types which can bre sub-divided. 
But one contrast between life on land and in the water will be 
found in the far greater number of animals fixed in one place, at 
least for their adult stages. The denser medium makes this 
easy in two different ways : giving buoyancy and enabling them 
to expand delicate tissues, while at the same time wafting food 
to their tentacles. On land the nearest approach to a sedentary 
creature is the spider with her web. 

Food-chains, as everywhere else, begin with plants. In fresh 
water there are in the first place the planktonic algae, including 
diatoms, in the greatest profusion wherever the current is not 
too strong to wash them away. Then there are the larger plants, 
such as the filamentous algae, often seen in floating green 
scarves, and the higher, rooted, flow’ering plants - water-lilies, 
the pondweeds, hornwort, arrow-leaf, Canadian waterweed, 
and a number of others. To these must be added two floating 
plants, the carnivorous bladderwort, set with little traps for 
ensnaring minute animals, and duckweed, both found at times 
in great profusion. It is important to remember that, except 
near the bottom of the deeper lakes, photosynthesis is carried 
on actively in fresh water as well far below as at the surface. Of 
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all these plants, the filamentous algae provide food for some of 
the water-beetles, many of the pond-snails, and the tac^Jcdes 
of frogs, toads, and newts; while the leaves of water-lilies and 
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those of the pond weeds are grazed upon by the larvae of china- 
mark moths, tucked within their purses ofleaf-fragments. The 
remaining larger plants are of more value as producers of oxy- 
gen and providers of shelter and anchorage than as food. 
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The minute planktonic plants on the other hand are of 
enormous importance. If anything in the fresh-water commu- 
nity corresponds to the leaves of trees in a forest it is these. 
There is an almost equally extensive population of animals 
depending on them. Most important among these are the 
minute crustaceans Daphnia^ Cyclops, and their kindred, cor- 
responding to the aphids in a wood. The hosts of Daphnia in 
their turn arc food for some of the larger water-beetles such as 
Dytiscus, also for the water-boatman, Notonecta. These are 
snapped up by fish such as roach, but some fishes, certainly 
sticklebacks, bj'-pass one of these links in the chain by feeding 
directly on Daphnia. At the far end are the major predators, 
pike on the one hand, and birds such as moorhens and gieat 
crested grebes on the other. These two highly simplified exam- 
ples of food-chains in the two contrasted types of habitat can 
be expressed diagrammatically thus : 

Woodland: Leaves of tree and herb - aphids - ladybird 
beetles, hover-fly larvae, some small birds - tits, warblers - 
hawks, owls. 

Lake or Pond: Planktonic plants - Daphnia - Dytiscus, 
Notonecta, sticklebacks - roach, perch - pike, moorhen, great 
crested grebe. 

The third series of food-chains in fresh water is that based on 
plant and animal detritus collected at the bottom. Many 
protozoa, some w'oims, and some of the water-beetles are in- 
volved in it, and it corresponds with that based oil the leaf- 
litter and topsoil in a woodland community. 

This simplified description, it should be understood, applies 
only to still waters or to those in which the current is sluggish. 
In lakes, canals, ponds, and meandering rivers there is a won- 
derful profusion of life, both plant and animal, provided they 
are not stagnant and choked with leaves and other dead organic 
matter. Where the current is swift plant plankton will be swept 
away, and there will be a corresponding dearth of animal life, 
except for creatures like the larvae of stone-flies and of some of 
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the mayflies, both adapted to clinging closely to the underside of 
stones. 

Just as it was possible, where food-chains and niches are 
concerned, to make an English oak-wood representative of the 
woods and forests in other parts of the world, so it is with an 
English pond or river. The species will difler widely, but the 
general scheme of organization will be similar. Many of the 
contrasts will occur to anyone, as for instance the presence in 
African rivers of such enormous vegetarians as hippopotami, or 
such equally enormous carnivores as crocodiles. In both there 
will be territories, like those of the stickleback. In both there 
will be sub-social aggregations like the companies of whirligig- 
beetles scurrying about on the surface-film, or like fish of 
various kinds cruising about in shoals. 

Communities of the sea 

Since, as I have pointed out, life in all probability originated 
and underwent its earlier development in the great salt waters, 
it is not sm'prising that those same waters have continued to 
provide a habitat for an exceedingly rich animal community. 
Considered as a whole it is a habitat far larger than any of the 
natural regions of dry .^and. Plants liigher m the scale than 
seaweeds have no place there. Insects, rather strangely consider- 
ing the enormous success with which they have colonized 
every corner of the continents, have no place there either, with 
minor exceptions. But algal plants, large and small, and animals 
of nearly every phylum into which they have been divided, 
flourish exceedingly. 

THE DEEPS OF THE SEA. In the oceanic basins we find a 
habitat verv remarkable in a number of ways. Furst as to its 
immensicy; more than seventy per cent of the earth’s surface is 
sea, and of this very generous proportion nearly ninety per cent 
is more than a mile deep. So here we have a habitat many times 
larger than any in the world; but not only is it extensive, it is 
also very nearly continuous, not merely with regard to surface 
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waters but to those above i,ooo metres in depth. Only the 
Arctic Ocean is separated from all the rest by the Wjrville- 
Thomson Ridge, joining the underwater shelf of Iceland and 
<|te Faroe Islands with that of north-western Europe. This 
means a marked difference in the fauna on each side of the 
ridge. 

In writing of the deep sea one is tempted to make frequent 
use of the word ‘ unique It would be so easy and so apparently 
convincing to say that it is unique in a number of different 
ways, easy but inaccurate. The truth is that w'here natural habi- 
tats are concerned none are truly unique. The word if used has 
to be hedged about with reservations and exceptions to such an 
extent as to rob it of its meaning. A qualified uniqueness is no 
uniqueness at all. A unique habitat w'ould be one ruled by 
conditions differenr in kind from those ruling any other. There 
is no such thing. 

This is not a matter of juggling with words. Oivthe contrary 
it is profoundly important, for it means that the earth as an 
abode for living things is one. There can be no unique habitat 
for die reason that underlying biological processes that make 
life possible arc everywhere in their essentials the same. There 
is diversity to a wide and wonderful extent, but diversity within 
unity, an extensive differentiation of that which is basically the 
same. Consider in this way the great deeps of the sea as a habi- 
tat, strange, even fantastic. One of its more remarkable features 
is the relative darkness of much ofit, and probably the absolute 
darkness of a large proportion. At a depth below some 600 
metres there is no light that a human eye could detect, a fact of 
die utmost significance to the creatures that live there, but 
terrestrial caves also are both relatively and absolutely dark, and 
are not wanting in animal denizens. Again, below the surface of 
the sea, pressure increases by one atmosphere for every ten 
metres of descent. One atmosphere corresponds to a pressure of 
fifteen pounds to the square inch and is that to which our own 
bodies are adapted. This increase means that at a depth of miles 
the pressure is appallingly great, but die difference is one of 
degree, not of kind, and the creatures that thrive in suchpres- 
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sures are adi^ted to them in the same way that we are to the 
pressure of one atmosphere^ by maintaining within them the 
same pressure as exists outside. 

The deeps of the sea are also from our point of view very 
eold. After some 2,500 metres the temperature varies no more 
than a degree or two above freezing-pomt. This ts cold enough, 
but a mere nothing compared with some continental terapera- 
turts, and it is m this constancy that deep sea conditions come 
near to being unique. The ammals aie cold-blooded, like 
terrestrial creatures othet than birds and mammals. Conditions 
ate noteworthy m two other ways, hirst a general calm, a lack 
of agitation of the surrounding medium. No motion of waves 
makes itself felt below about 200 feet, bin all the same the still- 
ness IS unlikely to be absolute. Some agitation of deep-flowing 
currents, of which wc know little, almost certainly occurs. The 
other feature is a prevalent low density of animal population. 
This seems inevitable on account ol the relative scarcity of 
food, and is bi ought about partly by the sheer immensity of the 
habitat, partly by the wav in which such food as there is be- 
comes available. It seems that over quite c xtensivt' areas condi- 
tions m this icjpeci approximate to those ol the deserts of dry 
land. 

Thi , brings me to th. one set conditions w'htch ically do 
give rise to something matkedly diflerait Irom those in any 
other habitat, a feature o^ life m the deep sea more nearly deserv- 
ing to be called unique than any olhci . Ii can be summanzed 
by saving that the animal'- of the deep sea get their food partly 
as the result of a slow ram oi organic particles from above, like 
manna from heaven, that piowcss wMch Rachel Carson in her 
fine book Fhe Slu Arotrid Us imaginatively called ‘the long 
snowfall’. But this is only half the process The rest is a slow 
rise from the sea-tloor up towards the surface of particles 
equally important though less complex in structure. The snow- 
fall occurs everyv. here and all the time, and is a consequence of 
death, while the rising is periodic, caused by conditions at 
ceitain places and some of them at certain times. Nothing qui^e 
like this gigantic circulation of food-mateiial occurs anywhere 
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else, and without it there would be no life either in the deeps or 
anywhere in the sea. For this reason alone it is worth describing 
in some detail. 

The saltiness of sea-water consists of sodium chloride or 
common salt and of o±er salts in smaller proportions, to the 
extent on the average of thirty-five parts in a thousand. None of 
these salts plays a part of any importance in the food-cycle. 
Those which do are other salts, nitrates, and phosphates, 
present in sca-water in minute traces when a unit of water is 
concerned, but of huge bulk in the aggregate. They arc the 
same salts as those present in the soil, and like them are 
liberated through the action of bacteria. Like them too they are 
necessary constituents of the food of plants. But plants cannot 
live by these alone. They need the carbon of carbon-dioxide 
which, as wc know, they manufacture by photosynthesis into 
carbohydrates through the agency of chlorophyll and sunlight. 
In the sea there is no sunlight except at the surface and for a 
short distance below. Consequently it is only in the upper layers 
that plants can live. They are the diatoms and flagellates of the 
plant-plankton (Plate 6b', frequently and very aptly called the 
pastures of the sea. It is of course this plant-plankton that forms 
the basis of ail the food-chains in the sea. 

But the animals of the abyssal region live far below the limit 
of plant-life, and as a result can obtain the basis of their food 
only when the plankton dies and the dead remains, together 
with waste-products, sink to the depths in the long, unending 
snowfall. Only a small proportion of these remains will be 
devoured directly or indirectly as they sink. The rest reaches 
the sea-floor, where it accumulates in beds and drifts to form 
the deep-sea oozes. Thus there collects an mimensc reserve o^" 
food-matter consisting of complex organic compounds, and it is 
on this that the hosts of nitrifying bacteria get to work, just as 
they do m the soil, rendering it down again into simple nitrates 
and phosphates. There are no plants at these great depths to 
make use of this reserve, and as a result, there it would temain 
locked up and useless if it were not for the otli'^r half of the 
circulation, if it were not for those factors that cause it to rise to 
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the upper levels, where it becomes available to the pastures of 
the sea. The sea itself causes this to happen in one or more of a 
number of ways which arc well worth looking into. It is a matter 
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Figure 5. Diagram of food-cycle in tlie sea. 


of lemiKrature and of currents, and diere are in the main four 
of these factors. I was concerned with one of them when des- 
cribing the reasons for the existence of sea-bird guano on 
Peruvian offshore islands. 

Perhaps the most important of them depends upon the fact 
that cold wafer is more dense than warm water, and in conse- 
quence tends to sink. This sinking occurs on an enormous scale 
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iDimd both pdes, and as a result forces slightly warmer water 
to rise from below to take its place. It is this rising water, com- 
ing from the depths and rich in nutrient salts, that causes the 
astonishing wealth of animal life in Arctic and Antarctic seas. 
The process is more complicated than that, but the broad 
effect is as described. Another rising of the waters takes place 
on each side of the equator. At these latitudes the trade-winds 
blow perpetually from north-east and south-east, thus driving 
great currents in a general westerly direction. To compensate 
for this ceaseless displacement, water from below rises to the 
surface. A third variation of the same theme takes place where 
one oceanic current impinges upon another. This causes sur- 
face water to be drawn away from the area of contact, so creating 
a sort of vacuum. The only thing that can fill the vacuum is 
once again water from below. This is what happens where the 
Labrador Current, flowing south along the coast of Greenland, 
comes in contact with the Gulf Stream. The continuous up- 
welling does much to explain the wealth of the fishing-grounds 
off Newfoundland. The fourth cause is sea^onal. In winter, 
chilled surface-water, that has become exhausted of nutrient 
salts on account of the activity of the plant-plankton during the 
summer, sinks. Its place is taken by water fiom below, which in 
this way replenishes the supply of salts. 

Everywhere in the great oceans, from the surface to the 
depths, there occurs this unending circulation, separate from 
but linked with the horizontal circulation of the great currents. 
The two together bring replenishment of foodstuffs, renewal of 
oxygen, rcinvigoration in respect of all the necessities of life, to 
every cubic foot of all the scarcely countable cubic miles of the 
great salt deep. Nowhere can there be anything approaching 
Stagnation, nowhere in consequence any complete dearth of 
living things. It is all a habitat with the basic characteristics of 
habitats elsewhere, but of necessity differing in the relative 
changelessncss of its circumstances. 

All the same it would be a mistake to make too much of this 
constancy. Seasonal changes arc confined to tlie upper layers, 
but from one part to another of the great depths there must be 
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some degree of change. In the first place there is that between 
the vast bulk of the water with its swimming life, the nekton, 
on the one hand; and the floor, with its fixed and crawling 
creatures, the benthos, on the other. Then what of the floor 
itself, varying as it does in some degree with the varying nature 
of the organic ooze with which it is carpeted? Do these 
wide areas, mapped with some degree of accuracy by bottom 
sampling, constitute separate ecological provinces, habitats 
in their own right? We do not know, but on the whole it 
seems not, though there is reason to believe that the regions 
of red clay, the widest of nil, are very sparsely inhabited. 

It is the adaptations to their conditions of living shown by 
denizens of the deep sea that is the most interesting thing about 
them, leading as these do to bizarre, and sometimes to comic, 
forms. It is not the enormous pressures nor the low tempera- 
tures these creatures have to put up with that have led to the 
most remarkable adaptations, since these are essentially the 
same as those on land. But with respect to absence of light, and 
to what we must assume to be the sparseness of settlement, 
there are adaptations of fascinating interest. There is also much 
that is puzzling and imperfectly understood. 

Consider first the question of fight. As so often, to generalize 
is to find our generalizations unsupported by evidence. For 
instance, it seems reasonable that, since darkness increases with 
depth, as surely it must, the number of creatures witli special- 
ized fight-producing organs, and there are a great many of such 
creatures, should also increase with depth. But it appears that 
this is not true. Most fishes with light organs do not descend 
below about 2,500 metres. Again, we can come to a provisional 
and logical conclusion that there should be two general adapta- 
tions to conditions of darkness : on the one hand to dispense 
with eyes altogether, as has been done by many animals that 
live in caves, on the other to acquire light organs and at the 
same time wcll-dovcloped eyes so as to see by the fight those 
organs provide. But nature, as though to confound elucidation 
of her secrets, frequently ^cems to eschew simple arrangements 
such as this. So it is here. Blind animals are not unknown but 
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are comparatively rare, while there are some, such as an octopus 
from 3>ooo metres, which are blind and yet possess light organs, 
so that they are in the strange position of being unable to see by 
the light they give out. 

On the other hand an inquirer would be encouraged to find 
that there are many creatures possessing both well-developed 
eyes and light organs. This is true of several cephalopods, the 
group of molluscs that includes octopuses and squids. One of 
these, only three inches long, exclusive of tentacles, has very 
large eyes and no fewer than twenty-four light organs. A large 
group of fishes known as Stomtatoids has tows of lights, like the 
port-holes of a ship, together with well-developed eyes The 
same inquirer would be disconcerted by the discovery that there 
are several deep-sea fish with eyes but no light organs. This is 
true of a salmonid fish, of more than one of the deep-sea eels, 
and of a fish belonging to an order allied to tlie perches. It is 
difficult to say what he would make of one of the feels known as 
gulpers with a prodigious gape, which has very poorly deve- 
loped eyes, but carries a light organ at the end of its whip-hke 
tail. A further disconcerting discovery would be that tltere are 
quite a large number of fish, some of the hatehet-fishes for 
instance, with well-developed, even tubular, eyes directed 
vertically upwards, associated, if that is the word, with hght 
organs directed vertically down. 

There is no room for doubt that a great many creatures of 
the deep sea are provided with light organs of some sort; some 
with focusing lenses and icflectors. In some of these the light is 
produced by special cells, capable of being switched on and off 
at will. In a few examples bactciia are the light-producers, a 
most interesting case of symbiosis, if we can suppose that the 
bacteria benefit in any way. To a very limited extent it is pos- 
sible to classify light organs according to the function they 
fulfil. Thus the deep-sea angler fish evidently use them as lures 
for the enticement of prey. Another purpose is concealment, 
though here it is not a light organ in the usual sense that is used, 
but a device for emitting a luminous cloud, as is done by some 
cephalopods and shrimps. In this connexion it is worth remem- 
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bering that the shallow-water squid ejects a cloud of ink, like 
the smoke-screen of a destroyer. But a dark cloud would effect 
no concealment at all in a dark environment, so the very 
striking device of a Imninous cloud has been evolved instead. A 
third purpose, traceable in some instances, is to enable the male 
to find its appropriate female, and cases of sexual dimorphism 
based on the colour or arrangement of lights have been 
recorded. 

But these are specialized devices, and they leave unclassified 
a large and varied assortment, so large and so varied, that it is 
impossible to deny that this prevailingly dark environment has 
brought forth a whole host of creatures living in darkness yet 
having eyes, not merely efficient but in some cases very highly 
developed. They may or may not have light organs. We seem 
ill fact to be forced to the conclusion that there must be light of 
a sort at depths to which no sunlight could conceivably pene- 
uatc. What light can this be but that produced as a collective 
illumination, however feeble, by the animals themselves? If 
this could be proved what a wonderful example of cooperation 
it would be. 

In conclusion 1 cannot resist briefly describing a series of 
really astom'shing devices necessitated by that other circum- 
stance of life in the deep sea, the low density of animal settle- 
ment, of which one very important consequence is the relative 
scarcity of food. Because food is hard to come by, it is?of the 
first importance that deep-sea creatures should make the very 
most of what there is. The most striking adaptations are those 
that make this possible. One is a distensible stomach as pos- 
sessed by one of the gulpers, and in particular by the cross- 
toothed perch, which is no more tlian four to six inches long. 
A specimen of this fish was once drawn to the surface in a com- 
pletely helpless condition because its grotesquely bulging 
stomach contained a fish considerably bigger than itself. This 
could have been cited in Chapter 4 as another exception to the 
rule that animals depend on prey smaller than they are. 

Another and entirely different adaptation with the same end 
in view is the extraordinary jaw-tncchanism of many of the 

139 



THE SOCIOLOGY OP NATURE 

Sumdatoid fishes which makes it possible for them to open their 
jiaws in a grotesquely yawning gape. To achieve this the head 
and upper jaw are thrown back into the neck, a feat made pos- 
able by the fact that the fore end of the backbone is cartilagi- 
nous and therefore easily flexible. In addition to this it is curved 
into an S-bend. Their teeth are so long and needle-pointed that 
one species at least is incapable of closing its mouth. These 
Stomiatoids must be among the most ferocious carnivores to be 
found anywhere and their appearance corresponds to their 
habits. Being no more than a few inches long they are the most 
ridiculous little gobhns imaginable. But the prize for grotesque 
appearance must go to another Stonuatoid of the genus 
MalacosteuSi possessing something different and almost horrify- 
ing. This fish has jaws drawn to a point, and head and jaws 
together are about half the length of the whole creature. But its 
well-nigh unbelievable appearance is cluefly caused by the 
absence of any floor to its cavernous mouth. The whole of the 
lower jaw is made up of a framcwoik of -^lats so that it resembles 
a deck-chair from which tnc canvas seat has been ripped away. 
At first sight it is difficult to imagine not mcrch' what advantage 
this can give, but how the creature continues to live. It looks 
like a freak, a monstrosity, something to be put out of its 
miserj' with all speed. Second thoughls ho^vcvei point to the 
openwork jaw as being a most ingenious contrivance foi ensur- 
ing a lightning-quick snapping up of prey, for by means ('f it 
the density of the w'atcr, w'hich would slow down the movement 
of the most quicklj operated, normal jaw', here has no such 
result. Small prey of course would escape w'ith ease through 
the gaping framework, but Aijlaco’-tcH^ is not interested in 
small prey, engulfing creaturc> almost as big as itself. 
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THE CHANGING HABITAT 

There rolls the deep whcie grew the tree. 

O earrh what changes hast thou seen! 

There where the long street roarsj hatn b^-en 
The stillness of the central sea. 

Tennyson: /n Mef>:onam 


Ur 10 this stage it is probable lltat I have given tlie impression 
that animal communities live under unchanging conditions for 
a long period, h is high time that impression was removed, 
since it is far nearer ilie truth to say that conditions are always 
changing. As was pointed out in the first chapter, many of these 
changes are of a very familiar kind, those that take place in quidk 
succession, predictably, falling well within the span of a human 
life. The weather, for instance, changes from day to day, not 
infrequently in our latitudes from hour to hour, and is bound 
to influence animals in a number of ways. This is true also of 
the change from day to night and from season to season. These 
apply to habitats of all lands but, a't we have seen, there are 
some more subject to change than others. In our country 
weather-changes are extremely frequent, but as we go nearer 
the equator they become less frequent, more nearly seasonal, as 
of course ours are to a considerable extent. In the equatorial 
belt itself there is scarcely any seasonal change, while on the 
other hand that from day to night may be pronounced. Day and 
night changes are important in all terrestrial habitats, but mean 
nothing in the deep sea. Changes of these three kinds, those 
brought by the weather, by day and night, by the seasons, are 
not always separable from one another. Weather changes are 
partly scasond. Seasonal changes bring changes of weadiCT. 
The change from day to night and back again may btmg 
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weather changes also, while within the Arctic and Antarctic 
Grcles day and night are of such length that the changes they 
bring are at the same time seasonal and diurnal. 

Short-term changes 

What is the eifect of these short-term changes on the complex 
web of dependence described in the last three chapters ? Alany 
of them are obvious enough. Everyone is aware that some 
animals are nocturnal, others diurnal. But that is too simple a 
statement, and it is more to the point to say that there is a food- 
cycle pertaining to daylight hours and a different one pertaining 
to the night. The change-over is unlikely to be complete in 
every respect, but all tlic same it is very marked, and on the 
whole what happens is that, while the niches arc the same, 
the animals occupying them arc for the time being diff erent. ’ The 
roles enacted in Ac drama remain unchanged, but the actors 
are new. But Ais is not the whole truth, and there are examples 
of fresh actors emerging at night to play parts unrepresented 
during Ac day. 

Beyond doubt it is true that Ac dramas of day and mght are 
more strongly contrasted in deserts than anysvherc else, since 
Acre the heat of the sun makes life so intolerable Aat most 
animals hide away during the daytime in what shade they can 
find. There are very pronounced contrasts too in Ac equatorial 
forest. But this staging cf a Afferent performance once every 
twelve hours can be illustrated once more with reference to an 
English wooAand. The transition can be watched, and is in its 
own way dramatic. Just before sunset full daylight activity is 
still going on. Birds are fee Ang, singing, courting, but gradually 
all this Aes away as Acy prepare to roost. The same is true of 
many of Ae insects, though here Ae change-over concerns 
more species. The only birds active at Twilight and afterwards 
are owls and mghtjars, but Acre is a host of daytime insects - 
butterflies, beetles, bees, and wasps - and someAing of a 
corresponding host of nocturnal ones, such as moAs, midges, 
and mosqmtos. The daytime birds catch daytime butterflies 
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and beetles, and at night it is bats and nightjars that hawk for 
the insects emerging as dusk deepens. The hawking for moths 
and minute flying insects by bats is more widespread than any 
snapping-up of butterflies by tits and warblers during the day. 
Many other distinctions make themselves felt. In the daytime 
weasels pursue voles; at night this gives way to a pursuit of 
wood-mice by tawny owls and badgers. In fact the last two 
become the major predators at the far end of food-chains, 
whereas tliis part was played during tlie day, in all probability, 
by sparrow-hawks. 

These changes, as well as many others, serve to remind us 
that the food-cycle is by no means a rigid, unalterable struc- 
ture; that the web is flexible, and that food-chains become 
modified. Because conditions are continually changing, the 
whole complex system of restrictions on competition, of niches 
and associations of various kinds, must adapt itself accordingly. 
This form of adaptation is even more marked where the seasons 
are concerned, when the marked changes that take place be- 
tween summer and winter are brought about to a great extent 
by the drop in temperature, though other factors, such as the 
lengthening period of darkness and a corresponding reduction 
of light-intensity, play tlieir part as well. In our ignorance as to 
the exact working out of these changes on the life-processes of 
animals, we take refuge in the statement that during the winter 
all animals, though in very varying degrees, find that they must 
slow down the tempo of their lives, to the extent that activities 
usual during the warmer months become possible no longer. 
Naturally this applies to those parts of the w'orld, the higher 
latitudes, where seasonal contrasts are most marked. 

In our English oak-wood the contrast between summer and 
winter and the transitions between these extremes represented 
by spring and autunm are very marked, and supeiflcially at 
least familiar . Insects and molluscs arc more profoundly affec- 
ted than higher forms, so much so that a careful search is needed 
to find them at all in winter. Snails hibernate, often in con- 
siderable gatherings, wherever they can find cover. Insects do 
the same, but in various stages of their metamorphosis. The 
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great hosts of aphids over-whiter as eggs, as do a huge tuambee 
^ other insects, but some do so in the larval or in the pupal 
sttge, a few as adults. As for birds, only the residents, and per- 
haps a few winter visitors, will be found. Again there occurs a 
modification of food-chains. Wdodpeckers and tree-creepers 
remain faithful to an insect diet, and no doubt suffer from the 
scarcity of insects. But they are compensated by adaptations of 
structure, making it possible for them to find hibernating forms. 
Many of the other birds arc more adaptable to conditions of 
stringency, exploiting a greater variety of foods than they do in 
the summer. Mammals in many instances are forced into hiber- 
nation, but this, among badgers and bats for instance, may be 
a partial hibernation only. Once again it is worth remembering 
that daily as well as seasonal modifications such as these will be 
found in other forested regions of the temperate zone. Because 
of the far greater extremes involved, the seasonal contrast in 
the coniferous forest belt will be that much more pronounced, 
but statements made concerning an English oak-wood will 
apply in the broader sense equally well in those vaster 
woods. 

THE SEA-SHORE. One more of these short-term, famihar 
changes must be given a place here. It is one that applies to a 
highly specialized habitat only, the sea-shore, and the change 
course is that caused by the tide, regular, rhythmical, but 
varying again rhythmically in the degree of change that it 
brings about. For the student of animal life it is one of the most 
interesting of all habitats, and this for more than one reason. 
Considered historically it has a special claim on our attention, 
for in all probability it was here, perhaps in a number of places, 
and on sea-shores that have long ceased to exist as such, that 
life itself was born. In this connexion we can point to certain 
qualifications pc^sessed by a shore environment fitting it for its 
aide as the mother of life. It is a matter of light conditions to 
some extent, also of the circulation and renewal of waters, but 
most of all of the presence of a high proportion of oxygen in 
solution. The water of the sea-shore is fallow, vwth a wide 
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Plate la Hjll-country with equatorial forest in Ghana 


Plate lb Savanna grassland. Northern Territory, Ghana. 





Plate 2a. Multiple commensalism: hermit-crab {Eupagurus 
bernhardus) inhabiting shell of whelk, which carries two sea- 
anemones {Calliacm parasitica')., acorn barnacles, serpulid 
tubeworms {Pomatoceros tnqueter)^ and probably hydroids as well 


Plate 2b. Carchemim., a colonial protozoan (highly magnified). I'hc 
individual bells are all attached to a single branching stem. 






Plate su Rocky coast in Pembrokeshire The Peh etta seav^eed zone 
appears in the foreground, with the zone of iichcns above 


Plate Molluscs of the splash zone, exposed m cracks of rock 
abo\<. high water mark ^ iiiorina tnJis and L nentotJes (smaller) 




Plate 6a Counship small tortoise '‘hell buttciflie I lie male 
approaches the It male Irom St'hinel and caresses her body ^ th 
his antennae 


Plau 6b Plant plankton ot the sea highly magnihed; Diatoms 
(chains; anel flagellates, also a eopepod (animal plankton 



Plate ja Male great erected grebe with chick Soon after hatching, 
chicks of the great crested grebe are ted on feathers plucked from 
the bieast of the parent, as seen here The young are earned on 
the racks of the parents tor about t\^o week:* 


Plcte jb Golden plover vatching ch^oK This is one of those birds 
whost. young leave the nesT almost immediately after hatching 






Plate 8. Cock blackcap feeding young. The chicks remain m the 
nest for several days. 





Plate 9 Scottish crossbills. Courtship feeding. The cock feeds the 
hen while she is on the nest. Often this is done ceremonially away 
from the nest, as a part of the ritual of courtship. 




Plate loa. C ypns larva of acorn barnacle (highly magnihed) This 
IS the free phase of development, before the cieature becomes 
attached to a rock 


Plate mb. Acora barnacles c\pos^d on rock This is ihc fixed, adult 
phase, with opercular plates closed 





PUitL I la Clitdtn nonpainl moth, Cawcala fraxtnii with wmgs 
dosed Plate lit Wings spread, black and lilac coloration 
of hindwings expi'sed 




’ Plate I2a, Grey dagger moth Plate 12b Batesian mimicry hornet 
(Apatele pst)^ almost merging moth (Sc\ta apiforrm^)^ a dear- 
with a hchen-covered winged moth closcl> resembhng 

tree-trunk a hornet 

I 

\ 

. Plate J 2 C Wasp beetle 

' iClyteus anettts). Probably Plate I2d Protective resemblance 

this IS a member of a larva of gre> pine carpet moth 

Mullerian association (i her a obeliseatu) on food plant. 



TUilB AMD ^imi X' 

pjiQSure to tlje idr in propordoo to depdi. M well ^ this it » k 
8 state of asQ^ant agitadon, aod both of these are conditicm 
giving rise to liberal oxygenation. Moving water always con?* 
tains more oxygen than still water, a swiftly flowing stream for 
instance as opposed to a sluggish one. 

Another reason for the peculiar interest attaching to die sea* 
shore, and one that means more to us here, is its dual natoxe. 
So far we have considered aquatic habitats and terrestrial 
habitats, but the sea-shore fulfils both conditions, is at one time 
aquatic, at another terrestrial. The transition from the one to 
the other takes place m rapid succession, on the average fimr 
times during the twenty-four hours; every stretch of diis fer- 
flung zone having two phases of high tide and two phases 
of low tide every day. For the first time we must bring 
the moon into the ecological picture. Once every fortnight the 
sun and the moon exercise their gravitational pull in the 
same direction and the tide advances farther and retrtnBs 
farther. These are the spring tides. During intervening fort' 
mghts sun and moon are pulling at right angles and the tid^ 
are less pronounced. 

In no other habitat does this change from the aquatic to foe 
terrestrial occur, and the sca-shorc is to that extent uniqtie. 
Naturally it is of enormous significance for all its denizens both 
plant and animal, which are required to adapt themselves, some 
to exposure for a short period only, others to a much longer 
one. The peculiar interest of marine ecol(^ lies in the extent 
and the nature of these adaptations. The situation can be sum- 
med up to this extent: when the sea covers them the animals of 
the sea-shore can lead what we may caU their normal existence, 
governed by the food-cycle already described, swimmii^ or 
crawling if they are mobile creatures, waiting for food to be 
wafted to them if they arc sedentary. For the rest of foe lim© 
their environment becomes a terrestrial one, all activity has to 
cease, while they lie hidden and expectant for foe turn of foe 
tide. During this phase ton, creatures of the neighbouring land* 
mass, breathers of free oxygen, seize the opportunity to reap a 
harvestfrom these waiting ones. They are almost entirely bmte, 
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waders such as oystercatchers, dunlins, and the rest, often in 
great flocks on a sandy or a muddy sWe; rock-pipits, gulls, 
tumstones on a rocky one. 

That is a generalized statement covering a multitude of 
adaptations. The fundamental problem for sea-shore animals 
is to seek out a cranny, either around or within them, where 
there is moisture and therefore dissolved oxygen sufficient to 
enable them to survive their spell of waiting. One important 
device is to enlist the cooperation of plants, the seaweeds that 
ding in thick draperies, carpets, and curtains, all saturated with 
moisture. Another, on the same sort of shore, is to withdraw 
into hollows and cracks which the sea itself has gouged out. 
Among them the rock-pools retain their watei even when the 
tide has ebbed, and so to become a member of one of these 
little pellucid worlds of colour and transparency is perhaps the 
best device of all, since it means that for thc-fb creatuies - 
sea-anemones, prawns, various molluscs - conditions remain 
virtually the same at all states of the tide. 

As for crannies within the animals themselves, that is a 
matter of sealing their moisture-bathed gills from the outside 
world. This applies chiefly to crustaceans and molluscs and is 
effected in a number of ways. Some of the molluscs achieve it 
by means of a lobe covering entrance and exit. In others the 
branchial chamber is enclosed in a tube or siphon. Limpets 
press their shells within meticulously corresponding oval 
depressions carved by their own efforts in the face of the rock, 
wWle acorn barnacles isolate themselves for hours at a time by 
means of four closely-fitting opercular plates. It can be added 
here that these two very common shore animals are thoroughly 
adapted to another circumstance of the shore, namely the 
pounding of great waves. The acorn barnacle achieves im- 
munity by means of a cement, the hmpel by a method not 
clearly understood. All we can say for certain is that the setting 
up of a vacuum between itself and the rock fails to explain the 
proverbial steadfastness of its attachment. The small univalve 
molluscs simply allow themselves to be rolled to and fro ivith- 
out concern. 
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But perhaps the most striking of all adaptations to conditimis 
of alternating exposure and immersion, the most widely adopted 
and therefore the most noticeable, is that of horizontal zonation 
up and down the shore. Broadly speafong this sharing of the 
habitat is brought about by those creatures most adapted to 
long periods of exposure tafa'ng up their station high up on the 
shore, while those less adapted confine themselves to lower, 
more seaward, positions. This means that at one extreme we 
find cieatures inhabiting that far landward zone, covered only 
by the highest spring tides, and not always even by them. At 
the opposite extreme are those exposed by the same spring 
tides, but this time at their farthest ebb. 

In this case, as in others, we must begin with plants, the sea- 
weeds, since it is they that arrange themselves most noticeably 
ill zones, wliilc the animals take varying advantage of the cover 
they provide. The typical formation, beginning at the upper 
levels and working seawards, consists of five or six well- 
marked zones. First there should be mentioned one beyond the 
reach of the highest spring tides, and therefore beyond the reach 
of the seaweeds. The plant'' there are certain shore-loving 
lichens. Below this, belts of seaweed, each of one dominant 
species, follow one anotl er seawards, though not every stretch 
of shore w'lll show all of them. The highest consists of tufts of 
the channelled wrack (Felvetia caniculata) (Plate 5a), which 
over the period of neap tides, when the sea fails to cover it, may 
lose up 10 sixty-five per cent of its moisture, becoming dry, 
brittle and blackened, to all appearances dead. It has been calcu- 
lated that the uppermost tringe of this belt is exposed to the air 
for as much as ninety per cent of the time during each year. 
The three succeeding belts, each less exposed as the lower limits 
of the shore are approached, are those occupied by the flat 
WTack (Fucus spiralis), the Icnottcd wrack {Ascopf^llum 
nodosum) and another Fttuis, the serrated wrack (F. serratus). 
This, strictly speaking, is the lowest zone of the shore proper, 
and is usually fully exposed only by spring tides ; but lower still 
yet another belt generally comes at least partly into view. This 
is the Laminaria zone, thickly grown with the long, leathery 
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{bongs of tangleweed (Laminaria digitata) with its knotted 
hold&sts. 

Clearly these seaweed zones deserve to be called plant com- 
munities, exhibiting the principle of dominance to a very 
marked degree. Because they are plant communities, rather 
sharply marked off from one another, we would expect them to 
give shelter to animal communities to some extent corresponding. 
So they do, but the correspondence is loose, with an over- 
lapping of species from one zone to the next. A broad corres- 
pondence cannot fail to show itself, at least to the extent that as 
we work down the shore, the number and variety of domand- 
inglj aquatic creatures will steadily increase. Molluscs show 
this more clearly than any other large group, and it happens 
that one kind of mollusc, the periwinkle, members of the genus 
Littorina, arc graded up and down the shore in a way that 
corresponds quite closely. 

Far up the shore, above the Pelvetia zone, you naay frequently 
come upon rows of tiny moJlusts fitted snugly intv) crevices of 
rock. This is Littorina neritoides, the small periwinkle, with 
shells not more than a quarter of an inch in liiameter, a very 
unobtrusive creature but a very interesting one. It lives wholly 
in what is known as the splash-zone, wetted only by spray. In 
spite of this it appears that we must class it as a ne mollusc, 
though it is reasonable to think of it as a creature n > >’u’ in process 
of making its way from sea to land. The small periwinkle is 
beautifully adapted to its strange half-way existence, for though 
capable of withstanding a period of exposure of up to forty 
days, it still depends on the sea for propagating its kind, spawn- 
ing during the winter months when storms are likely to convert 
the splash-zone into something more. There is good reason for 
supposing that spaw’ning periods come at fortnightly intervals, 
corresponding with high spring tides. 

Lower down the shore another periwinkle (L. rudis) is found 
(Plate 5b), a little larger than neritoides and with a ribbed shell. 
These two overlap to some extent, and if neritoides is to be 
looked upon as a marine animal in process of becoming an 
inhabitant of dry land, the same must be said of rudis. It is 
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extremely interesting and a little puzzling that rudis, in spite of 
the fact that it lives in a habitat more strictly marine, neverthe- 
less has perfected a method of reproduction particularly suited 
to the land. In both these species fertilization is internal, diat 
is to say the sexual products are not discharged into the sea in 
the rather remote hope of their meeting. On the contrary the 
male mounts the female. This gives the advantage of enabling a 
protective envelope to be formed round the spawn. But rudis 
goes oaic step farther. It is viviparous, which means that the 
young do not leave the body of the mother as fertilized eg^, 
but as well-developed infants complete with shells. They 
immediately set about the business of populating the shore. 
Ncritoides, though penetrating farther from the sea, is yet 
dependent on it for disseminating its extruded eggs. 

A third member of this genus, the flat periwinkle {L. 
obiusutu^i is most commonly found among the fronds of Fucus 
spiralis. Most of them ate bright yellow', but they may also be 
brown, black, olive-green or striped. Last of these periwinkles 
comes the common winkle of seaside stalls (L. Jittorea), ranging 
more widely than the others, covering more than one zone. 
These last two periwinkles then arc almost w'holly aquatic. It is 
of the utmost significance and interest that the two pairs of 
species differ from one another structurally as well as in respect 
of their habitats. The two aquatic species, obtusata and littorea, 
have gills of the kind normal to aquatic animals; while the other 
two, both so to speak on their way to the land, possess a breath- 
ing apparatus much more like a lung, of the type found in the 
garden snail. 

On sandy shores conditions are wholly different. There is no 
seaweed and no io»,k-pools, nor is there any need for them from 
the point of view' of animals inhabiting such shores. Their 
problem is to protect themselves from the impact of breakers, 
and ail they have to do is to burrow into the sand which is their 
sure refuge, not only from breakers but from the danger of 
desiccation and of oxygen-scarcity as well. For sand, provided 
it is not too coarse, holds water like a sponge, each particle 
surrounding itself with a film of water, just as with soil on thfc 

149 



THE SOCIOLOGY OF NATURE 

land. The sand of the sea-shore in fact is a thoroughly satisfac- 
tory medium for life, so long as the animals concerned have 
possessed themselves of the necessary' adaptations. In addition 
to giving protection from the two major dangers of life in the 
inter-tidal zone, the sand is a rich source of food if properly ex- 
ploited, and shields its inhabitants from alternations of tem- 
perature and from reduction in salinity likely to occur near the 
mouths of rivers. Changes of these two kinds arc confined to 
the surface layer. 

Animals belonging to many of the main phyla have dis- 
covered this refuge - worms, a few crustaceans, one remarkable 
sea-urchin, and a number of molluscs. Nothing like the variety 
of species characteristic of rocky shores can be expected. On 
the other hand the numbers of some of them, such as lugworms 
and cockles, are often enormous. It is the quest for food in a 
medium necessarily less rich than sea-water itself, that gives 
rise to interesting adaptations. One way is to filRr food out of 
the water above the sand by means of siphons, as is done by 
cockles. Another is to collccf it fiom deposits of plant and ani- 
mal detritus on the suiface of the sand, alst> by siphons. These 
two methods can be used only at flood-tide. A third method, 
that adopted by the lugworm, is to swallow sand in great 
quantities, extracting whatever food it mav contain. The casts 
of the lugworm, piled in little heaps over the ‘ribbed sea-sand’, 
are as familiar as those of the earthworm on a lawn, and these 
tw'o well-known worms provide an excellent example of ani- 
mals occupying the same niche in wholly different habitats, 
niches that include living-conditions as well as method of 
feeding. A fourth niche filled by these sand-dwellers is that of 
those who prey on the rest, the carnivores, mainly fish. 

The sea-shore is a habitat so crowded with life, providing so 
many examples of associations already referred to - niches, 
food-chains, parasitism, commensalism, symbiosis, protective 
resemblance - that many more pages could be covered describ- 
ing it. But space is limited and I must confine myself to two 
more points. One concerns the niches of tw'o of the commonest 
animals of this habitat. The limpet and the acorn barnacle are 
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found together, often side by side, and at times sharing the 
same restriaed habitat so intimately that acorn barnades not 
uncommonly take up their fixed abodes on the shells of livin g 
limpets. Yet the two in no way compete, for while the acorn 
barnacle is a plankton-feeder depending on its food being waf- 
ted to it, and assisting the process by the combing and grasping 
action of twelve feathered feelers which structurally arc legs, 
the limpet is a peregrinating grazer, exploiting the filmy algal 
growth over a territory within a radius of a few inches from its 
base. Wlien about to be abandoned by the tide, it makes for its 
own exclusive anchorage and finds it unerringly by what 
can only be called a homing instinct as yet unexplained. The 
barnacles then have no reason to resent the presence of 
hmpets; fat from it since the limpets, by their grazing, 
dear rock-surfaces of their film of vegetation, and so provide 
giound better suited for the permanent residence of barnacles. 

Finally some indication of the enormous density of some 
shore animals must be given. It has been estimated, for instance, 
that over a stretch of shore about a mile in length, the lugworm 
population can be as high as three to four million. A square foot 
of rock can provide homes for well over 2,000 acorn barnades, 
while if an estimate is made over a stretch again about a mile in 
length, it may well reach the staggering figure of about a 
thousand million. With figures such as these it seems futile to 
talk of overcrowding, but it would be interesting to Imow what 
is the optimum density of lugworms or a^orn barnades, and 
still more interesting to know what benefit . if any, they derive 
from being associated in such astronomical numbers. 

Plant succession 

The vicissitudes of time with which this chapter is concerned 
dearly fall into the two groups of small and large, short-term 
and long-term, but perhaps that is rather a etude point of view. 
Better to think of them as parts of a whole, even if what I have 
called a whole amounts to the entire past of this planet, if not 
to eternity itself. Looked at in this way they fall into their 
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places in the scheme of tilings. Just as minutes are components 
of an hour, hours of days, days of months, and so on, so in 
ecology the lapses of time of the short-term order, such as day 
and night, tidal rhythms, the seasons, are components of 
another kind of change having a larger amplitude, the kind 
known as plant succession, giving rise in time to the vegetation 
of the great natural regions. Plant succession as a change falls 
far short, in its turn, of yet others with the largest amplitude of 
aU. 

I have referred briefly to this process in Chapter 2, but it now 
needs more detailed examination. Stated simply it is the process 
by which an initially bare surface becomes covered gradually 
and in stages into one closely settled by plants. Tlie final result, 
as I have said, is known as the climax, consisting of that type of 
vegetation which the climate of tliat part of the world is capable 
of supporting. The whole cycle, beginning with a bare surface 
and ending with the climax, is known as a sere. What this 
means is that plant communities are far from bemg stable, that 
they develop from one stage to the next, and that the change is 
brought about mainly by the plants themselves. It is very largely 
a matter of the deposition of humus. The earliest arrivals are 
lichens and mosses, and these in the fulfilment of their lives, 
including the formation of humus, gradually change the condi- 
tions of the habitat so that it becomes suited to plants of a 
different and more highly developed kmd. During these early 
stages the plant community is of the kind known as open, spaced 
out, but as more and more spores and seeds arrive, carried by 
the wind or deposited by birds, tlte bare spaces are filled up and 
the community becomes steadily more dense, of the kind known 
as closed. Herbaceous plants, following the pioneers, and tend- 
ing to suppress or drive them out altogether, lead to a further 
accumulation of humus, until conditions favourable to shrubs 
are set up. This may be the climax. On the other hand the 
climate may favour the growth of trees, in which case the 
climax will be forest. 

Hants then tend to drive each other out until the climax is 
reached, and that climax, whatever it may be, will remain stable 
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at least for a while. A sere often begins on bare rocfc which is a 
dry surface, but it could just as easily begin on a very wet one, 
such as silt deposited by a river, or a shoal of sand by the sea. 
An important consequence of the colonization of these two 
extreme kinds of initial surface is that a dry one, by the deposi- 
tion of humus, tends slowly to become less dry. Conversely a 
wet surface tends to become less wet, again because of die 
humus being constantly laid down, with the result that the 
level is gradually raised. This is what happens on the edges of 
ponds and lakes which, by the action of the plants that take root 
there, are continuously in process of becoming silted up. This 
tendency of dry areas to become wet and wet areas to become 
dry means a slow progression, wherever plants can grow, 
towards an intermediate condition, neither very wet nor very 
dry. The process is never-ending, since there are always 
agencies at work (o provide on the one hand flooded regions 
and on the other dry ones, on each of which the cycle begins 
afresh. A river changing its course will give rise to both kinds of 
surface but in different places. The sea may advance here and 
retreat there. A very notable agency, producing wide stretches 
of bare and arid land, is volcanic activity, whether of the com- 
paratively gradual kind, building great plateaux of lava, or ex- 
plosive eruptions scattering prodigious quantities of rock-dust 
and perhaps blasting a whole countryside out of recognition. 

Volcanic activity is comparatively rare and localized in terms 
of human life, or even of human history, but in terms of earth- 
history it must be reckoned as a common occurrence, something 
that happened at one time or another over the whole earth. One 
very famous eruption made it possible for the establishment of 
a plant sere to be closely observed. This was when in 1883 the 
island of Krakatoa was almost destroyed in a series of stupen- 
dous explosions. The island is, or was, in the Strait of Sunda, 
between Java and Sumatra, and the eruptions blotted out all 
traces of life on what was left of the island. Later it was visited 
by scientists three tiroes. At the first visit, in 1886, it was found 
that the rock was becoming colonized by algae, mosses and 
ferns, the spores of which must have been carried by the wind. 
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Along the shore seeds and fruits of flowering plants had beoa 
deposited by ocean currents and some had germinated. A few 
had begun to spread inland, v/here a few grasses had taken root 
as well. By 1897 more than sixty species of flowering plant had 
managed to establish themsekes, while in 1906 it was found 
that the whole island was covered by a closed community of 
vegetation. 

As an example of a sere of the other kind, beginning with a 
moist area, I may cite the development of a saltmarsh through 
the action of the sea along a low-lying shore. It begins with 
the laying down of silt forming a flat of varying extent. This 
too has a feature of special interest because we find plant suc- 
cession, which is a change of a comparatively long-term kind, 
working in cooperation with one of the short-term changes. 
For we must bring the tide into this, since the stretch of silt in 
question will be exposed at one slate of the tide, covered at the 
other. Each liigh tide leaves behind a him of silt,^o that before 
long a typical salt-loving plant, such as Sabcornia^ or saltwort, 
will begin to colonize it. The roots cannot fail to hold up the 
flow of water and so stimulate the accumulation of silt. This 
goes on, the level gradually rising unul the more inland stretches 
are no longer covered by the tide. Then a kind of grass, 
Glyceria marinma, gains entry and helps to stabilize tlie develop- 
ing soil with its fibrous roots. The level continues to rise and 
another grass, Festuca, joins the community. Meanwhile rain 
does much to wa&h away the salt, and the marsh in time ceases 
to be a marsh. Other plants such as rushes come m, so that after 
a further interval what was once oozy, salt mire becomes some- 
thing approximating to a heath. 

I hope it is clear to what this rather long dissertation on plant 
succession is leading. Plant communities arc continuously 
changing. Animal communities arc intimately, though not quite 
correspondingly, linked to plant communities. It follows there- 
fore that plant succession involves some sort of animal succes- 
sion, that anim al communities also inevitably undergo slow, 
continuous change. Now animal succession is a more compli- 
cated affair than plant succession, partly because of the rather 
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loose association of animals with plants, partly because th^ 
depend on different factors for their welfare and their disperse 
from place to place. Also they tend to hang on in many cases 
longer than plants, some contriving to adapt themselves to 
changing conditions. For these reasons it is difficult, if not 
impossible, to predict the course of animal succession. 

In the island of Krakatoa it was a matter of the gradual res- 
toration of the status quo, that of the fauna of an island separa- 
ted from neighbouring islands, almost large enough to be called 
land-masses, by twenty miles or more of sea. The first colonists 
would be insects of kinds small enough to be carried by the 
wind, together with spiders. Then would come larger insects 
such as butterflies, conveyed thither not necessarily willy-nilly 
on the wind, but perhaps migrating under the influence of some 
urgent compulsion, their survival depending on their success 
in finding appropriate food plants for their larvae. With them 
would come birds, depending on the insects for subsistence, or 
on the fruit and seed of plants. The birds would help in the 
spread of plants by depositing seeds eaten elsewhere, and it is 
possible that some of these would be the seeds of plants needed 
by the larvae of insects, or by the birds themselves. Not im- 
possibly other animals, such as reptiles or even small mammals, 
could be carried on drift vood. 

As for the saltmarsb, there would be no status quo in the same 
sense to be restored, but the setting up of a new land-surface 
won from the sea. The animal succession would be more truly a 
succession, beginning with a marine fauna adapted to life in 
mud, a varied population of worms, including one of the rag- 
worms, and perhaps a colony of the beautiful peacock-worm 
with its feathery corona of tentacles. There would be molluscs 
in considerable variety including cockles, and mud-burrowing 
amphipod crustaceans. Gradually these creatures would find 
life impossible as the level rose above the influence of the tide. 
They would perish or migrate seawards, and their place would 
be t^en by others favouring a terrestrial environment, notably 
insects, accompanied by birds such as geese and redshanks. In 
time a heathland community would be set up with a great 
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variety of insects and spiders, together with birds such as 
stonechats, meadow-pipits, and stone-curlew. There would 
certainly be rabbits, myxomatosis apart, and this is worth men- 
tioning because these prolific creatures by their incessant 
nibbling often prevent a plant succession from reaching its 
climax. What without them might well develop into shrubby 
growth, or even woodland, remams in what is known as a sub- 
climax condition of heath or grassland. Much the same is true 
of deer, and still more so of sheep and cattle. Man indeed, with 
his varied and far-reaching activities, can hardly be left out. 
Obviously in any closely settled country human activities m 
pastoral fanning, the clearing of woodlands, to say nothing of 
crop-growing and the sheer blotting out of natural environ- 
ments by bmlding, is hv far the most influential of all factors 
where plant succession is concerned. 


Long-term chanqei 

It IS clear that the influence of plant succession is enormously 
important because of the inevitable changes in animal life that 
It brmgs about. It is important for another leason, since in the 
widest sense it has caused the surface of the earth lo be du’ided 
into those great natural regions which are vegetation belts 
determmed by climate, and at the same time provide habitats 
for animal communities of the broadest extent that we can 
recognize. Because of the shortness of the span of human life, 
we look upon these natural regions as fixed and unalterable. In 
fact they are far otherwise, as the history of the earth teaches us. 
This brings me to those changes having the greatest amplitude 
of all, and to the ratlicr unexpected statement that because the 
natural regions are continually, if from our point of view very 
slowly, on the move, advancing in one place, retreating m 
another, the animal commumtics associated with them ads ance 
or retreat at the same lime. A migrating plant community 
inevitably carries its animal inhabitants with it as it goes. 

Evidence for these great changes from one set of conditions 
to another, differing from it in almost every way, lies all about 
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US, if only we know where to look and possess the knowledge to 
interpret what we see. We need go no farther afield than these 
islands to find it in abundance. To take one localized example, 
on the coast of Dorset, a few hundred yards to the east of 
Lulworth Cove, there is a so-called fossil-forest (Plate 4b). 
Most fossil-forests are found on the shore, exposed only at low 
tide, giving clear evidence of the submergence of a former 
coastline', but this one has been raised some fifty feet above the 
sea, and now occupies a wide ledge Uttered with angular 
boulders of Umestoiie, white, arid, and glaring in the sun. 
Among the tumbled rocks are the silicified boles or stamps of 
trees, each with a cup-shaped depression in the middle. They are 
all that is left of cycads, a kind of primitive cone-bearing tree, 
still found in other parts of the world. There are one or two 
prostrate trunks as well, they and the boles petrified, their true 
nature betrayed oiJy by their shape. In Jurassic times, some 
150 miUion years ago, a forest grew here, though not at its 
present level. You can see to this day, tunning irregularly over 
the ledge near the bases of the stumps, a strip of dark gravelly 
earth less than a foot in thickness. This is the highly compressed 
and contorted remnant of the soil, a fossilized land-surface, in 
which the cycads once grew. 

What sort of animal com munity once lived and moved among 
these- immemorial trees? We have little but moderately in- 
formed suimisc with which to answer. Insects most certainly, 
for they come of a very ancient stock. Perhaps some of the 
earliest birds, not unlike that very nearly miique fossil 
Archaeopteryx^ found in Bavaria, fluttered weakly among the 
stiff, palm-like foliage. There may even have been a dinosaur or 
two, only a few of which had the sensational dimensions of 
Brontosaurus. Today animals arc little in evidence - springtails 
wandering inconspicuously, beetles lurking under the rocks, an 
occasional butterfly, skylarks far above, and the gliding, ironi- 
cally laughing herring-gulls. 

Go to a district on the outskirts of Oxford, recently built up 
with rows of highly desirable small residences, complete with 
sanitation, refrigerators, and television sets. Out of the midst of 
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tilis select and up-to-date neighbourhood rise low wooded 
heights, as yet spared from the curse of development. Villas, 
tarmac roads, back gardens, garages, as well as the wooded 
heights, are all founded on a sub-stratum of coral, and the whole 
district was once a reef barely awash in a warm tropical sea. 
Possibly the Plesiosaurus swam m those long-vanished waters, 
and it is not unhkely that one of the pterodactyls, perhaps 
Pteranodon with its twenty-seven-foot wing-span, glided low 
over the waves. It is improbable that the people livmg in those 
houses today give much thought to their predecessors. 

Then there are the coal-measures of the north and of South 
Wales, where great humid forests of the Carboniferous Age, 
nearly 300 million years ago, flourished exceedingly in a climate 
not milike that of the equatorial belt at the present time. If the 
climate was similar, the trees were wholly different, for this was 
the age of the giant horsetails, club-mosses equally tall, the 
strange scale-tree, LcpiJodendion^ sccd-fcrns, and primitive 
conifers. Early amphibians swam and splashed in great lagoons 
of standing water. There flashed dragonflies with a wing-span 
of two feet, the largest insect that has ever existed. 

But of all the multitudinous changes of the remote past, those 
that mean most to us today, because most recent, are the ones 
caused by the Ice Age. It lasted in all for about a million years, 
and the age in itself saw wide and varied changes, for though 
we speak of the Ice Age, it is now known that there were four 
periods of glaciation, with much warmer inter-glacial stages 
between. The Pleistocene Ice Age ended about 25,000 years ago ; 
this of course is little more than the day before yesterday in the 
geological scale of time. It seems clear from the moraines and 
other traces left behind so recently that, at least in the Alps and 
perhaps here in Britain, there were these four stages of the 
onset of cold conditions, together with the intervening stages of 
retreat, and there is little doubt that there were correspondmg 
retreats and advances of communities of plants with their 
associated animals. Of the comparative severity of each of the 
stages of glaciation w c know something in broad outline, and it 
is clear that each advance of the glaciers must in a manner have 
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pushed before it a wide belt of country in which conditions 
were like those of the 'present high Arctic tundra, a partially 
closed association of mosses and lichens, with precious little 
else in the way of either plants or animals, at any rate for the 
great part of the year. At a considerable distance beyond the 
reach of the advancing glaciers, conditions must have remained 
somewhat easier for a time. There would be shrub communities, 
and farther yet, the one merging into the other, birch-forests, 
pine-forests, and even oak-forests farthest of all. Each of these 
would have a comparatively dense settlement of animals. 

But all these belts were inevitably doomed and at each peak 
of glaciation vanished entirely, at any rate north of a line 
uaighly corresponding to the present course of the Thames, 
though there is disagreement as to the extent to which plants 
and animals were wiped out or rcticatcd south of what is now 
the English Channel, which at that time did not exist. Then 
after some thousands of years the engine of glaciation went into 
reverse, the ice-sheets retreated, the vegetation belts advanced 
as It were in pursuit, carrying their animal communities with 
them. During the first half of the Ice Age as a whole our fauna 
w'ji an exceedingly rich one, with such exotic creatures as 
elephants, sabre-toothed tigers, the woolly rhinoceros, bears, 
wild pigs, deer of many sor.s, as well as a host of small rodents. 
It ''Cems likely that all of these were driven south of what is now 
Britain during the second cold phase which appears to have 
been the most severe of all, and this probably means that some 
at least returned when conditions improved. 

The whole story is extremely complex, but it is clear that 
during what we suppose was the final retreat, plants and animals 
slowly returned, those that is to say that had not in the mean- 
time become extinct. This went on until, some 7,000 years ago, 
the way was barred and Britain became an island. Apart from 
that notable change there were others covering the period be- 
tween the end of tne Icc Age and the present. These were 
changes of climate, alternating phases of w'arm, dry conditions 
wnth others equally warm but with a heavier rainfall. These 
alternations are known to us from recent methods of sorting out 
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and ideiitif3riQg pollen-grains found in deposits of peat at 
various levels. This technique of polle‘n-analysis shows what 
kinds of tree were dominant at various times, and from that the 
climate can be deduced. It follows that animal communities 
must have alternated to a considerable extent correspondingly. 
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THE CHANGING ANIMAL 

There is grandeur in this view of life . . . that 
whilst this planet has gone cycling on according to 
the law of gravity, from so simple a beginning 
endless forms most beautiful and most wonderful 
have been, and arc bemg evolved. 

Charles Dab \v in: The Origin of Speaes 


I'HE changing environment is one thing and of the greatest 
importance, but is far from being the only kind of change to be 
taken into account. It has a direct connexion with that other 
mfinitely varied series of changes which has resulted in the 
wonderful diversity of animals that we know today, to say 
nothing of a host of creatures that have vanished from the face 
of the earth. My concern now is with this kind of change, with 
evolution in so far as ecology enters into it; and that, it must be 
made clear at the start, is very far indeed. For many years the 
intimate connexion between the tw'o was not recognized. From 
the time of Darwin until comparatively recently, while a flood 
of light was thrown on the manner in which animals have 
evolved, their evolution was considered almost solely according 
to their anatomy, or their outward appearance, as though they 
had existed in a sort of vacuum, unaffected by their surroimd- 
ings. But that is a thing of the past, and it is now fully realized 
that the study of evolution must go hand in hand with the study 
of ecology. Fossils, for instance, can tell us much concerning the 
evolution of living organisms, but after all it is the environment 
that has become fos: ilized as well as the creature itself, and the 
one is as significant as the other. 

This is not the place to embark on a detailed dissertation c£ 
all that is involved in evolution, even if I were competent to do 
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SO, but some brief explanation is perhaps called for. It can be 
reduced to simple terms by saying that evolution depends in 
the main on two things: first, inherited variations, that is to say, 
differences between members of the same species, contained, 
so to speak, within the animal itself; and secondly on naturd 
selection, which tends to eliminate disadvantageous variations 
and perpetuate those that confer an advantage in the battle of 
Hfe. It should be clear that of these two the first is internal, has 
no connexion, or perhaps it had better be said no known con- 
nexion, with the habitat in which the animal lives. The second 
on the other hand has every connexion. But that is an under- 
statement, and it could be said that natural selection can be 
defined as the influence of the environment on the animal living 
in it, whether that is a matter of climate, of soil, of plants, or of 
the other animals in the community. 

One vitally important point must be stressed and it is this: 
the environment is quite capable of acting on one^dividual of 
a species so as to cause it to differ from other members of the 
same species. That is an acquired variation, but it is not the 
kind of variation that evolution is concerned witli, because such 
a variation cannot be inherited. It is only heritable variations 
that matter, those capable of being handed on from parent to 
offspring. It is these inherited variations that are the raw 
material of evolution. 

A word as to the manner in w'hich inherited variations appear. 
Most animal bodies are made up of countless millions of cells, 
though, of course, there are unicellular animals, the protozoa, 
possessing one cell only. Most cells contain a nucleus, and every 
nucleus contains a number of thread-like bodies called 
chromosomes, of which there is a fixed number for every 
species, though this must not be taken to mean that each species 
1^ a dfferenf number. Each chromosome contains a large 
number of units known as genes, which are responsible for the 
various features or characters of an organism, whether plant 
or animal. It is the handing on of genes in the nuclei of the 
germ , cells, eggs or sperms, that explains the close similarity 
between parents and offspring. 
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Our concern is with variations between one animal and 
another, and these can take place in two ways. First, in the 
course of the pairing and division of chromosomes taking place 
in the nucleus, it is possible for them to break and reunite 
somewhat differently, or for part of a chromosome to change 
places with the corresponding part of another chromosome. 
Such movements may lead to a re-combination or re-shuffling 
of characters, and these could cause variations, but to a limited 
extent only, since they could mean no more than some re- 
assortment of characters already present. Much more impor- 
tant is a change in the nature of a gene, and if this lakes place 
in one of the germ cells then the change will be handed on to 
the next generation. 

Changes of this kind are the mutations we hear so much 
about in connexion with radioactivity, and though they can be 
induced artificially, they occur also in nature. It is here that 
controversy rages. At this date there is no longer controversy as 
to evolution itself, as to its having been responsible for the 
diversity of living creatures. There remains fundamental dis- 
agreement as to the means by which it has been brought about, 
and it is here more clearly than perhaps anywhere else that we 
find the conflict between those w'ho believe in an unplanned as 
opposed to a planned, purposeful and directed world. Ortho- 
dox evolutionary theory holds firmly to the first of these belief, 
maintaining stoutly that these heritable gene-mutations show 
no evidence of being in any way directed, that they arise 
spontaneously (whatever that may mean), and are governed in 
their appearance by the laws (if they can be called laws) of 
chance. This attitude arises chiefly firom ignorance as to what 
causes mutations. When spontaneity and chance are invoked as 
first causes ignorance can be surely inferred. Not that evidence 
is wholly lacking. Study of the innumerable lines of develop- 
ment that evolution has taken shows signs of their having been 
directed by a principle of hit or miss, trial and error, some 
lines ending fairly soon in extinction, others persisting over 
long periods with scarcely any change, others again showing 
continuous change with steady improvement. 
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Bdievers in a planned world remain unconvinced, regarding 
tibis as evidence of the infini te variety of nature, and of ignor- 
ance as to the means of direction. They too have their evidence, 
do not rely wholly on conviction. They point to the fact that in 
the first place natural mutations in a given individual are ex- 
tremely rare, in the second that the vast majority are harmful 
and therefore doomed to swift elimination. Above all, critics of 
onliodox evolutionary theory take their stand on what seems 
to them the total inadequacy of known mutations to produce 
pronounced changes, major innovations, even cumulatively 
over a long period of time. Individual mutations have been 
known to produce changes, but they arc trivial changes of 
colour or dimension, such as might account in time for dif- 
ferences between closely allied species; but far more than this 
is required of them. They are required to account for the 
difference between an eagle and a humming-bird, between a 
bird as a bird and a reptile as a reptile, ultimately between an 
amoeba and the reasomng scientist who peers at it through his 
microscope. In addition to this, but essentially a part of it, 
there is the development of so complex and exquisite an organ 
as the eye of a mammal from the primitive eye-spot of a 
protozoan to be taken into account, not to mention, as we must 
mention, that of a speculating brain from some rudimentary 
nerve-centre. How can such incalculable changes have come 
about unless mutations are in some way directed ? Chance can 
no more be given the status of a first cause here than elsewhere, 
though it IS true that those who reject chance are unable to offer 
any dearly defined alternative. They prefer to plead ignorance 
and await enlightenment. 

Natural sdection on the other hand, acting on hereditary 
variations, in whatever way these have been brought about, 
weeding out the unfavourable, preserving the favourable, is not 
to be denied as a cause, probably the most important cause, of 
the adaptation of animals to their environment. Evidence in its 
favour is overwhelming, and its continuous operation as a great 
natural agency, playing its part with other s^endes, offers no 
violence to the concept of a planned scheme. At the same time 
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there is good reason to suppose tihat other factors have been and 
are at work. There is no need to give it exclusive doxainioa 
over the lives and the development of living creatures. Some 
of these other factors are dealt with at the end of this chapter. 
There is wisdom, therefore, as well as humility, in admitting 
that our understanding of mutations, the raw material of 
evolution, is extremely limited to say the least. As for the result 
of the interaction of the two down the ages, it is there before 
our eyes in the form of the diversity of living creatures, and we 
are entitled to represent it as a sort of family tree, beginning 
with the protozoa or perhaps whh the bacteria and the viruses 
and ending with man. But a tree is a somewhat misleading figure 
of speech, since it suggests a single main stem with branches at 
the sides. A more accurate figure is some kind of shrub, with a 
number of leading stems imited near the ground, each one 
dividing and sub-dividing a great many times. 

Three phases of operation 

Looking upon the whole process from this point of view, we 
can make a distinction bctw'cen three phases of operation. The 
first is a matter of slow, continuous change in a single con- 
stantly maintained dircc’^ion, the results of which have often 
been found in a series of fossils, such as sea-urchins in chalk, or 
some kind of mollusc in limestone. Such a series of fossils 
corresponds with, is found within, a certain thickness of rod: 
laid down without a break, and without marked change, in 
some long-vanished sea. Here the rock is the fossilized en- 
vironment and the fossils are the creatures that lived within it. 
The topmost, that is to say the latest fossils of the series, say, 
of a sea-urchin, may show a distmet difference in shape, or in 
the arrangement of the grooves of what w’as once the shell, firom 
those of the lowest or earliest, while those in between are con- 
tinuously intermediate. The differences may be sufficiently 
marked so that two distinct species, or more probably sub- 
species, can be made out. It is very unlikely that any greater 
degree of differentiation will be noticeable. 
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To take another example of the same process, there is a com- 
mon Jurassic fossil, a mollusc known as Gryphaea, with a 
curved, that is to say a convex, shell. A series of Gryphaea 
fossils often shows a graded differentiation in curvature from 
the lowest to the highest. In both these examples the time 
represented by the change, which is the time taken for the 
deposit of rock to be laid down, might very well be some him- 
dreds of thousands of years, which seems long to us, but is no 
more than a brief interlude in the span of geological time. In 
both instances too the environment would be relatively 
constant. 

But there is an interesting and important distinction between 
the developments undergone by the two kinds of fossil. In the 
sea-urchin it was a matter of shape, or of the arrangement of 
grooves: in the mollusc one of curvature. In what way could a 
difference of shape or of pattern give advantage to the sea- 
urchin ? We cannot say, and conclude that they give none. They 
are examples of characters known as non-adaptivc, and there 
arc a great many of them in the animal kingdom. With 
Gryphaea on the other hand we can see an advantage, since an 
increase of curvature would enable the creature to protrude 
more easily above the mud for feeding purposes. Curvature, 
therefore, may well be an adaptive character, and we can see 
how natural selection in all probability worked. With the sea- 
urchin we cannot do so. There arc two possible ways out of the 
difficulty. A pear-shaped rather than a circular outline, or some 
difference in the arrangement of grooves, may give advantages 
W'e are imable to understand. That is perhaps lather too easy a 
way out, even if it shows signs of a becoming scientific humility. 
Alternatively, it is possible that either or both of these charac- 
ters may be linked up genetically with others we are unaware of 
and which are adaptive. They might, for instance, be linked up 
with a greater degree of hardiness, the ability to stand up to 
some slight and undetectable change in the environment. It 
may as well be confessed here that the problem of non-adaptive 
diuacters is one that bristles with difficulties. I shall have more 
to say of them later. 
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The second phase of evolution in action involves changes of 
a much more marked kind. Let us glance at the evolution of 
birds. They evolved, of course, on dry land, a medium giving 
a fpr greater choice of habitats than the sea. Birds we know 
evolved from reptiles, but for the moment I will leave that sen- 
sational, though certainly not abrupt, step on one side, and 
focus attention on some hypothetical creature half reptile and 
half bird. As it happens such a half-wav creature is not 
altogether hypothetical. I have referred already to that very 
remarkable fossil. Archaeopteryx, the priceless treasure of the 
British Museum. It was a winged reptile, but not in any way 
a winged lizard of the pterodactyl type, since its wing- 
strutlure was that of a bird and it had featiiers. At the same 
time it had teeth and a tail, not of feathers only but of bone as 
well, an extension of the spinal column. These are reptilian 
characters. It was about the size of a crow, and almost certainly 
it fluttered rather weakly from branch to branch, being as yet 
no more than a pioneer in the art of flying. The pterodactyls 
had acquired the art, but it had been forgotten and had to be 
learned over again by the birds. Incidentally this is quite a 
common occurrence in evolution. Some notable skill evolves 
independently three or four times. The art of flying, for instance, 
was acquired independently on some later occasion by one of 
the manunals, the bat, just as it had been learned by the insects 
millions of years before the first reptile or the first bird 
existed. 

Now it is most certainly true that Archaeopteryx, though 
combining in its person both the characters of reptiles and of 
birds, is nevertheless not to be regarded as the ancestor of all 
the birds that now so notably enrich the earth. Wliat this ances- 
tor was like we have no idea, but it may well have been more 
reptile than bird, AH we can say is that somewhere, ^omewhen, 
and above all somehow, there arose a proto-bird, and there 
must have been gradual transition from the one to the other, so 
that it would be very difficult to point to one specific creature 
and decide that that one must be regarded as the ancestor of 
future birds. Be that as it may, what I am concerned with now 
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Figure 6. Diagrammatic scheme for the radiation of birds, mainly m 
the Eocene Pciiod, as shown by the fossil record, 

is to bring ecology into the picture, and to explain that what 
enormously furthered the evolution of birds was a process 
knovim as adaptive radiation. By this is meant the divergence, 
the fanning out, the radiation, of these proto-birds, at different 
stages of the process, from their original environment into a 
number of new ones. As for reasons for their doing so, it is 
possible to suggest many. It may have been because of persecu- 

i68 





TIME AND tide: 2 

tion by predators, or because they hq>pened to Hght .upoa a 
new, or a richer, source of food. There may even have been 
something approximating to chmce governing their movemosis. 
That is no more than one set of reasons. Another and more 
probable one is bound up with change in the environment diey 
onginally knew. Environments do change, as I devoted a whc^ 
chapter to pointing out. All the while, it must be understood, 
heritable mutations were taking place from time to time and 
natural selection gave perpetuity to those among them 
that proved advantageous to their possessors in the new 
environment. 

The result is this radiation into an enormous variety of birds 
adapted more and more closely to a variety of environments, so 
that there evolved forest birds, grassland birds, raptorial birds, 
seed -eaters, fish-eaters, water-birds, diving birds, hole-nesting 
birds, even birds diat in time lost their wings altogether. The 
members of each of these, as well as of other, groups acquired 
characters adapted to their way of living - length of leg, 
stoutness or slenderness of bill, booked bill, curved bifl, 
webbed or lobed feet, as well as adaptations in form, size, or 
colour and a hundred more besides. At the same time there 
would appear great numbers of those characters we call non- 
adaptivc, especially as between closely alUed species, minute 
distinctions in colour and dimension. 

All this, of course, was a slow, protracted business. Nowhere 
perhaps does the principle of gradualness more notably come 
into its own than in evolution. The process was not only slow 
but sub-divided, minor radiations following upon major ones. 
The birds, for instance, that favoured a watery environment 
would radiate out into different kinds of water-bird - ducks, 
geese, grebes, waders. Each of those groups would then split 
up into the various kinds of dude, goose, grebe, wader, fitting 
themselves as they did so into the ammal communities of which 
they became a part, taking their places in food-chains, settling 
down into appropriate niches, establishing territories when the 
need aiose, competing within the limits of competition, coopera- 
ting in such a way that the resources of the habitat became 
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portioned out between them and its other denizens^ extending 
and complicating the great web of circumstance in which they 
were enmeshed. 

The same thing took place with the other great groups; 
mammals, for instance, descended like birds from reptiles, 
radiating and re-radiating into herbivores, carnivores, burrow- 
ing mammals, flying mammals, swimming mammals, and all 
the rest. The main process is the same for every group. The 
same rules are obeyed. This brings me to the third phase in the 
working out of evolution, which in fact I could not help bring- 
ing into the previous one. It gives rise to the most marked 
change of all, the appearance of an entirely new type, charac- 
terized by entirely new developments. It leads inevitably to 
some fresh major radiation. I mean, for mstance, the evolution 
of bird from reptile, or of mammal from repulc. Considcrmgthe 
second of these, we are to suppose that because of successful 
advantageous adaptations some reptile gradually acquired the 
distinguishmg characters of mammals - the bringing forth of 
young alive rather than as eggs, the subsequent nourishment of 
these young by means of glands secrctmg nulk, the acquisition 
of hair rather than scales, and perhaps above all the develop- 
ment of a thermal system giving their bodies a tempcrattire 
independent of that of the world outside. It is important to 
remember that we really know nothmg as to how such vitally 
important changes took place. 


The effect of isolation 

What has been said so fat has faded to give prommence to two 
closely related factors havmg the utmost relevance to ecology 
and evolution. We are concerned with the animal as an intimate 
part of Its habitat, and as a component of an animal community 
consisting m most cases of many different kinds of animal. 
There are times when a group of animals forsakes its commu- 
nity. That will have its place in the argument, besides being 
bound up with the problem of migration, to be dealt with in a 
separate chapter. But clearly we must begin with the conception 
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of the animal occupying its appointed place in the community, 
and for my present purpose I am concerned with the kind of 
animal, with the species. This is far less easy to define than 
might be supposed, but the essence of it is concerned with the 
capacity of the members habitually and successfully to inter- 
breed. Animals of different species do not breed with one another 
either by habit or normally with success. 

Sometimes such cross-breeding is successful in producing a 
hybrid, but hybrids arc usually sterile. There are barriers of 
various kinds to interspecific breeding. Sometimes it is a matter 
of sheer incompatibility of size or of sexual organs. There is a 
physiological barrier, since the female gamete is almost in- 
variably more easily fertilized by a male gamete of the same 
species than by that of a different one. Another kind of barrier 
is that imposed during courtship. The purpose of courtship is 
to arouse the sexual elements, especially the ovaries of the 
female, to readiness for reproduction. Tliis is done between the 
sexes by means of signals or stimuli of scent, colour, sound, or 
posture. These are specific, each species making use of one or 
more innate stimulus, and the stimulus must be the right one 
or there will be no reply. If an animal of one species attempts to 
court one of another, although closely allied species, there will 
be incompatibility of siguil and answer and the courtship will 
come to nothing. Finally tliere are barriers more strictly 
ecological. Members of two species in breeding condition 
simply do not meet because they belong to different habitats. 
They arc spatially isolated. Alternatively they may be tempor- 
ally isolated, because their breeding seasons occur at different 
times. 

For one or more of these reasons interspecific breeding is 
made difficult, if not impossible. The point to be stressed here, 
however, is that this isolation between species, though of the 
greatest importance in other ways, is not tiie most important 
form of isolation where evolution is concerned. By that time, it 
could be said, evolution has already occurred and further evolu- 
tion can only make the barriers between species yet more for- 
midable. What is of imtial, and therefore primary, importance 
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is some kind of isolation between members of the same species, 
barriers, that is to say, which will prevent or restrict intra- 
spedfic breedii^. That probably sounds like a highly paradoxi- 
cal statement. How can evolution be furthered by barriers 
against breeding ? The fact that it is, and how these barriers 
are set up, must now be explained. 

This form of isolation arises from the way in which members 
of the same species are distributed within the community, over 
the range of ±e habitat that is theirs, and I am thinking now of 
habitats in the wide ratlier than the narrower sense. Distribu- 
tion is not haphazard and seldom continuous; animals of the 
same species associate in groups or populations, varying in size 
and complexity from a mated pair together with their offspring, 
to a nest of ants or a breeding colony of gannets. In between 
those extremes there are populations of all sizes, associated 
either permanendy or from time to time. Other examples are a 
tribe of baboons, a herd of deer, or a shoal •of herring. A 
nesting colony is very highly organized, a shoal of herring 
scarcely at aU. These groups in fact are exactly the same as those 
described in some detail in Chapter 5, when cooperation be- 
tween individual members was under discussion, and arise 
from the faa that aU animals exhibit some degree of social 
appetite, either at aU times or for special reasons such as 
coUective security, feeding, and breeding. 

This differentiation into groups, resulting in a discontinuous 
distribution, has a highly important cause other than social 
appetite however loosely manifested, and is a purely ecological 
concern. The two causes reinforce one another. This second 
cause arises from the fact that a species is required to live in a 
habitat that suits it, and this wiU be not merely a possible habi- 
tat, but the best possible. A rare species of animal, for instance, 
is not found vwdely scattered in its rarity, but in a few isolated 
populations wherever some rare combination of factors, or even 
a sin^e factor such as the food-plant of the larva of an insect, 
provides the necessary conditions. Since, as we have abundantly 
seen, habitats are essentially discontinuous, so correspondingly 
is the distribution of animals. 
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A technical term is needed for these gproi^, and the wocd 
deme has been suggested. It is a good, simple term and slraold 
be widely used, not because it is a particulMly attractive word, 
but because it has the great merit of putting an end to confu- 
sion. Aggregation, group, population, community, these are 
words of more than one connotation and therefore almost cer- 
tain to lead to confusion and ambiguity. A done is a deme and 
nothing else. All species then are to a varying extent broken up 
into domes, and the things that the members of a deme have in 
common are the capacity to associate in some sort of commimal 
existence, and the capacity to breed among themselves normally 
and successfully. 

This breaking up into demes is of such importance that it is 
not too much to say that without it evolution would never have 
taken place. The result of the breaking up is that there must 
exist some degree of isolation between one deme and the next, 
isolation that in most cases restricts and in some totally prevents 
interbreeding between members of mo different demes. Why 
should this form of isolation be so important? Because other- 
wise any advantageous mutation, calculated to lead to a change 
in the evolutionary history of the species, would almost cer- 
tainly be swamped by interbreeding before it had a chance to 
establish itself. Given omy a parda! isolation, there will be a 
reasonable chance of its spreading so that natural selection can 
get to work in its favour. 

The point must now be enlarged upon so as to make more 
clear the causation of demes in the first place and the way isola- 
tion can be made more pronounced. Perhaps enough has been 
said as to their initial causation, but nothing in natiure stands 
still, and there is a whole host of ways in which isolation 
between demes can be brought about and intensified. In the 
first place there is bound to be correlation between the size of 
demes and the degree of isolation. The African savanna is a 
habitat of great extent, and a deme of some highly mobile and 
socially inclined creature such as the zebra will be correspond- 
ingly large. Isolation will not readily occur, but even so is bound 
to exist here and there, one deme separated from another 
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perhaps by a wide strip of country too arid to provide them with 
the grazing they require, or by the gorge of a river with precipi- 
tous sides. The deeps of the ocean constitute an even larger 
habitat, and oceanic demes can hardly fail to be correspond- 
ingly immense. At the opposite extreme, the smallest of demes 
will be the most completely isolated, and will diminish in size 
all the way down to short-lived salt-pans in the African 
savanna, or water-filled hollows in decaying trees, inhabited by 
rotifers and the larvae of midges. 

The problem arises as to whether the influence of environ- 
ment can be said to conform to any recognizable laws, and there 
is no doubt that with widely-ranging species, particularly per- 
haps birds, that it does. There are in fact a number of such 
laws. One is that with a population of the sanje species stretch- 
ing over several degrees of lau.ude, those members inhabiting 
polar regions have a distinct tendency to be larger than those 
living nearer the equator. Another states that innhat part of a 
range of a species having a relatively low temperature, appen- 
dages such as bills, tails, cars, are shorter in proportion to the 
body than when the temperature is higher. A third establishes 
a correlation between warm, moist conditions and a daik 
coloration, between w’arm, dry conditions and tints of yellow. 
Yet another, applying to birds, is that those living m cool 
regions tend to lay more eggs than members of the same species 
living where it is warmer. This is interesting since the govern- 
ing factor seems to be length of day rather than temperature, 
and it means that birds nesting in cool, high latitudes can feed 
more nestlings because there the summer day is so much 
longer than the night. 

One very important result of these environmental changes is 
that the animals at one end of a range of distribution extending 
over several degrees of latitude may differ quite considerably in 
size, colour, or markings, from those at the other end. Some- 
times the variation in a character can be traced continuously 
and smoothly from one end to the other: more often it is dis- 
continuous, as it were, in steps. Such widely-ei tended spatial 
variations of both kinds are knovra as clines, and it is supposed 
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on good evidence that they are important in evolution, since a 
smooth cline is likely to develop into a stepped cline, thus divid- 
iog the species into demes, each one isolated in some degree 
from its neighbours. 

Looked at thus dynamically, considering, that is to say, both 
the setting up of isolation and its intensification, the possibili- 
ties are seen to be almost endless. Isolation may arise through 
the action of the animals themselves in removing themselves, 
perhaps because of intense persecution by predators, or in 
order to exploit some new source of food, from one habitat to 
another. Either of these could result in the splitting up of a 
deme into two or more. Another set of causes, almost certainly 
commoner and more influential, arises from the diversity of the 
earth’s surface, and particularly because that diversity is con- 
tinuously and slowly changing. These causes in fact are essen- 
tially geographical and may well be exerted over wide areas. 
Among them are outbursts of volcanic activity, the slow heaving 
up of mountain ranges, invasions and withdrawals of the sea, 
the work of rivers, glaciers, the wind, changes of climate, and 
all the great, secular heavings and warpings of the earth’s crust, 
a few sudden and violent, most rhythmical and recurring, all 
from our point of view exceedingly slow. Qearly their in- 
fluence in the splitting up of populations into demes has been 
varied and immense, beginning at the time when life first came 
into existence, as important today and in the future as ever they 
were throughout the long history of life on this planet. The 
isolation they brought about between demes has firequently 
been complete. 

In any such deme of a species, isolated from other members 
of the same species by some geographical or climatic barrier, it 
is possible that an advantageous mutation may arise, which 
natural selection may favour and perpetuate. But even if no 
such mutation occurs the effect of isolation is still of the utmost 
importance since it will mean that over a long stretch of time, 
during which the deme is becoming more and more closely 
adapted to its environment, ^ach member will acquire an equip- 
ment of hereditary factors nicely adjusted to local conditions. 
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Between members of the deme a constant exchange of these 
equipments takes place, and the result is a harmonious, collec- 
tive genetical constitution. Because no two environments are 
exaaly alike it follows that no two genetical constitutions will 
resemble one another in every respect. They wiU differ slightly 
or considerably: certainly to some extent, and this means that 
the raw materials of a new species have appeared. For fulfil- 
ment of the process we need not continued isolation but its 
opposite, the breaking down of barriers, so that members of 
two isolated demes can come together. It is not until then that 
the rise of a new species can, so to speak, be proclaimed and 
made absolute. Such a meeting of previously isolated domes 
may take place actively, because of the migration of some or all 
its members, as frequently happens with birds. On the other 
hand, if the species in question be of some less mobile creature, 
then the meeting is more likely to be passive, brought about by 
the gradual, or possibly fairly sudden, disappearance of the 
barrier which hitherto has kept them apart. If in the course of 
the earth’s long history barriers of one kind or another are fre- 
quently set up, so with corresponding frequency may they be 
lowered. 

Now, what happens when two previously isolated demes of 
the same species come in contact ? What is the test by which we 
judge whether or not a new species is on the way ? There can be 
one only: whether or not they interbreed with success. If the 
divergence between them is no more than slight then in all 
probability they will merge and no new species appears. That is 
one extreme. The other is that the two demes have so widely 
diverged that no successful interbreeding is possible, which 
can only mean that a fresh species is born. But clearly we mu't 
take account of intermediate conditions as well. Members of 
two meeting demes may mate, giving rise to a hybrid wliich is 
the result of the mingling of two divergent, but not widely 
divergent, genetical constitutions. When that happens there is 
certain to be some degree of discordance, with the result that 
the hybrid finds itself at a disadvantage in the battle of life, as 
compared with its parents. This has been proved with respect 
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to members of the same species of frog (Ram pipiens) from 
widely separated parts of the United States. The more widely 
separated they wore, in this instance by barriers of dimate, the 
more pronounced was the tendency for hybrid embryos to die 
at an early stage of their development. 

The agency at work is, of course, natural selection, whidi in 
this way works so as to encourage breeding between members 
of the same deme and to discourage it between members of 
dilferent ones. The oifspring of the first is likely to thrive, that 
of the second to disappear. Thus, although the physical 
barrier which once separated the two groups no longer exists, 
us place is taken by a barrier of quite another kind, one which 
prevents or at least hinders breeding between members of 
divergent demes. The divergence is accordingly fostered and 
enhanced, which means that outward and visible divergencies, 
arising from the general, inward, gcnetical divergence are cer- 
tain to be favoured by natural selection, and not favoured 
merely but intensified. Incompatibilities of one kind or another 
will then be at a premium. Examples have already been given 
\sce page 171) and this is where they become important. Any 
incipient tendency to breed at different times of the year will 
become something more. A slight incompatibility in the size or 
structure of sexual organs will tend to become complete. Signals 
of behaviour or coloration exchanged during courtship, if 
initially slightly divergent, will become more so, until they fail 
to give rise to the appropriate counter-signal, with the result 
that no mating takes place. In any one or more of these and 
other ways the divergence between the two groups becomes 
wider, until in time there can be no mistaking the fact that where 
formerly there was one species there are now two. 

Here then is one, and almost certainly an important and 
frequently occurring, method by which evolution operates. It 
could at least account for the features distinguishing closdly 
related species. Very possibly it could go a good deal further. 
One or two examples will help to ms^e this clear. Over tihe 
mainland of Scotland and the islands of the western and north- 
em coasts there are found four subspecies of wren. One k 
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confined to the mainland, a second to the Shetland Islands, a 
third to the Outer Hebrides, a fourth to the far island of St 
Kilda. These four differ slightly in size and colour, rather more 
so in length of wing, and the differences seem to us to be non- 
adaptive. Very probably they are when considered separately, 
though they may well be genetically linked to others that are 
adaptively significant. Distinctions between subspecies on the 
one hand, and dosely allied spedes on the other, are very fre- 
quently of this kind. The variations in wing-length are slight 
enough, a matter of a few millimetres, the wings of the St Kilda 
wren being longer than those of the mainland form by some ten 
millimetres. Each of these wrens is thought of as a separate 
subspecies, and it seems reasonable to regard each as a species 
in the making. They arc differentiated demes of the species 
wren, prevented from interbreeding, as presumably they would 
be capable of doing, by their isolation from one another, that 
complete, primaiy, geographical isolation caustfd by the slow 
drowning of the coastline, probably since the end of the Ice 
Age, which has transformed mountains and mountain ranges 
into islands. 

Parallel examples come from much more distant parts of the 
world. In the Sodety Islands there are various species and sub- 
spedcs of snail found m wooded valleys separated by high 
mountain ridges. Here it seems probable that in some instances 
isolation has broken dow'n, or been overcome in some way, so 
that new spedes have arisen m comparatively recent times. It is 
very significant that some of the differences between these 
valley-dweUing snails were found to have become intensified 
when re-examined after as short a time as fourteen years. 
Another example comes from the great island of New Guin a, 
where demes of a species of cockatoo have established them- 
selves, distinguishable again by length of wing. The cause of 
differentiation here is obscure. 

By far the most interesting example comes from the Galapa- 
gos Islands, some 600 miles off the coast of Ecuador. Dis- 
tributed over these islands, and unknown on trie mainland or 
anywhere else, are several spedes of finch, related to one an- 
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other, but now easily distinguishable into warbler-like finches, 
cactus-eating finches, ground-finches, tree-finches, and finches 
that resemble woodpeckers. The important point is that what 
now separates one species from another is not a stretch of sea 
between islands, but a way of living, a feeding-habit, an ecologi- 
cal niche. Two or more of these kinds of finch may be found 
within the same broad habitat on one or another of the islands, 
but the fact that one feeds on large seeds, another on smaller 
seeds, a third on insects, means that they do not compete, are 
ecologically isolated. It is significant that these differing habits 
are reflected in differing sizes and sliapes of beak. How did this 
highly interesting state of affairs come about ? Clearly we can 
never latow for certain, but it seems there can be little doubt 
that it began w'hen at some time in the remote past a single, un- 
differentiated finch-stock invaded the islands, split up from 
island to island, and settled down. A number of these isolated 
island populations or demes began and continued to diverge 
from one another. Then for some reason one of them invaded a 
neighbouring island, came in contact with a related finch popu- 
lation, but because the two had diverged failed to hybridize 
with it. A new species of finch was born. Tliis same process 
could well have been repeated many times until as now the 
original finch-stock split up even beyond the limit of species, 
and can be divided by systematists, not merely into distinct 
species to the number of fourteen, but these fourteen into four 
separate genera. 

One more point is worth making. These finches aroused the 
interest of no less an observer than Charles Darwin, who was 
deeply impressed by them, v;ben in 1835 the visited the 

Galapagos Islands. Dr David Lack, who studied them at a 
much later date, calls them Darwin’s finches, and it is a pleasing 
thought that these birds played a part of some note in Darwin’s 
prolonged meditations which in 1859 found fruit in The Origin 
of Species. 
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The influence of density 

The density of a species of animal over a given area of the 
habitat was referred to in Chapter 4, and it was pointed out 
then that with many, notably the fiir-bearers of the Canadian 
tundra, this density fluctuates within very wide limits and with 
a strange regularity. These fluctuations and particularly their 
qrdic regularity are far from being clearly understood, but 
there is no doubt that they are important in evolution. This^is 
to be found in the way in which natural selection acts with an 
intensity varying according to the different phases of each com- 
plete cycle. There are four of these phases succeeding one 
another always in the same order. First there is a phase of de- 
crease, a thinning of numbers, when natural selection is bound 
to be active and powerful. It is m fact the high death-rate pro- 
duced by selection that causes the decrease. Next comes a 
phase of minimum density, when the animal s are markedly 
scarce. At this time natural selection continues to be severe. 
More than tltis, adaptation will be important at such a time, 
since only those individuals closely adapted to their environ- 
ment are likely to survive. For this reason any advantageous 
mutation that may be present is ceitain to show itself in a 
higher proportion of the population than earlier. Qinsequently 
adaptive evolution will be speeded up. Arising from this is the 
important principle that an exacting and perhaps changing en- 
viremment is likely to give rise to closer adaptation than a 
favourable and relatively constant one. 

Phase three is one of steady mcreasc when selection will be 
weaker, since at such a time many mdividuals that would 
perish during a deerfase arc then managing to survive. This 
means that an increasing population is more variable than one 
that is standing still, and that adaptation is less likely to take 
place. As soon as the fourth phase, one of maximum density, of 
intense pressure of numbers, is reached, selection again be- 
comes active; and adaptive variations, correspondingly impor- 
tant, are likely to establish themselves once and for ail. 
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An interesting and rather difficult problem is that connected 
with variations that are non-adaptive, those so far as we can see, 
that give no advantage to their possessors. If these are dis- 
advantageous they are almost certain to be eliminated, at least 
at those times when selection is actively at work. On the other 
hand it seems reasonable to suppose that a great many of them 
will be neither the one nor the other, as we might say neutral, 
and it has been suggested that during phases of increase these 
are likely to spread with some rapidity, unaffected by selection. 
This might explain their notable frequency, setving as so often 
to distinguish subspecies, such as the Scottish wrens, or closely 
allied species from one another. 

Evolution in action 

I hope it is now clear that the relationship between ecology and 
evolution is an extremely close one, and in particular ffiat a 
changing habitat is extremely likely to play a major part in 
furthering organic change among animals, giving renewed 
scope for natural selection to perpetuate advantageous heredi- 
tary mutations, however brought about. Considered against the 
background of the long history of the earth, it can be said that 
habitats scarcely cease changing. 

The examples already given, of which the purpose w» 
mainly to stress the importance of isolation, are of the greatest 
interest, but are concerned with relatively unimportant changes. 
The Scottish wrens, the Galapagos finches, the New^ Guinea 
cockatoos, provide evidence of differentiation in respect of 
minor characters of v/ing-Icngih and a lour, such as may 
account for differences between subspecies, species, or at the 
most genera. Significant though they are, they can hardly 
satisfy us as examples of evolution in aaion, since what we 
naturally demand to be shown are examples of changes of a far 
more marked kind. These further, more impressive examples, 
major events, that is to say, in the history of life, I now propose 
to give. 

The first example is impressive, not because the change could 
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conceivably be described as a major event, but because it shows 
that the process is still at work among us, and that noticeable 
change can come about in a surprisingly short space of time. 
The actors are certain moths, in particular the peppered moth 
{Bision bettilarid), though another, the scalloped hazel {Gono- 
dontis bidentata), deserves mention as well. About a hundred 
years ago, during the earher hulf of the nineteenth century, both 
these moths were known over this country in what must be 
called their normal pale-toloured form. Since about 1850, how- 
ever, there has appeared a black variety in steadily increasing 
proportion and confined mostly to the industrial regions of the 
north. Today the black variety is the rule in Lancashire and 
Yorkshire, while moths having the pale coloration are excep- 
tional. In the rest of the country conditions are the other w'ay 
about. The conclusion is clear, has been confirmed by experi- 
ments and provides us with an admirable example of the effect 
of natural selection. The air in industtial districts is polluted 
by particles of soot laying a black film, as some of us know only 
too well, on leaves, tree-trunks, and fences. Here then w'as a 
change in the habitat brought about rapidly by human action, 
and it has resulted m a correspondingly rapid change in the 
coloration of these moths. For it was not soot-particles that 
caused tlie changed coloration of the moths, but a black pig- 
ment known as melaiim. The process is referred to as indus- 
trial melanism and is caused by a mutation, the work of a gene 
or combination of genes causmg blackness. The point is, of 
course, that in the now industrialized habitat to be black is an 
advantage, an example of protective resemblance. Selection 
acts in favour of the black mutation and against the normal pale 
colour. In the southern part of the country black varieties are 
occasionally fomid, but natural selection sees to it that they re- 
main comparatively rare. This means that the gene, or combi- 
nation of genes, causing blackness was present in the hereditary 
complex of the moths before the Industrial Revolution, and 
that it was only when man brought a blackened habitat into 
existence that selection could act in its favour. As an example of 
the way in which genes have a multiple effect, it can be added 
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that the mutation we are concerned with causes not bladtness 
or melanism only, but increased hardiness in the larvae as well. 
There was thus an additional reason for the establishment of 
melanism. 

It is a far cry from moths to extinct reptiles, and there is a 
notable contrast between the second example and the first in 
another respect, since we are concerned now with what is un- 
questionably a major event in evolution. Consider the dino- 
saurs, that group of reptiles which lorded over other forms of 
life for the greater part of the Meso/oic or middle era of evolu- 
tionary history, ending some seventy million years ago when 
they vanished for ever from the earth. In spite of this wholesale 
extinction, tliey have as a group little cause for complaint, since 
their day of dominion endured for part of the Triassic, the 
whole of the Jurassic and the whole of the Cretaceous Period, 
amounting in all to something like a liundred million years. 
There were, of course, other reptiles, notably the flying ptero- 
‘!aurs, and the dinosaurs were of two orders i'stinguishable by 
the structure of the pelvis. We are much inclined to think of 
ihcm as enormous and it is tiue that some of them were the 
largest land animals that have ever existed. Others were not 
much bigger than hens and there were many of intermediate 
sl^e. They provide us with yet another example of adaptive 
radiation, perhaps the strangest that ever took place. What 
caused dneir extinction ? 

The popular notion, obsessed by the thought of huge dimen- 
sions, inclines vaguely to the conclusion that they grossly over- 
pla5’ed their roles, became loo enonnous for their strength, 
failed to develop a brain in any way proportionate to their size, 
went in for grotesque horns, crests, and armour-plating, that in 
short It was their \ cry evolutionary exuberance that laid them 
low'. There is a modicum of truth in this, but it is a wrong 
approach to the problem. Far better to laltc an ecological view. 
With regard to the giants it is true that some were so prodi- 
giously large that they found it necessary to spend most of their 
time in water, wading in immense swamps, browsing almost 
incessantly on rank, aquatic vegetation. They needed the 
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sai^rt of the water to buoy them up. But life must have been 
emy enough, apart &om the menace the carnivorous dinosaurs 
that {weyed upon them, so long as their habitat remained un- 
dianged. We have good reason for supposing that the habitat of 
most o£ the dinosaurs did change, in particular the immense 
swamps together with the hot, humid climate responsible for 
them. At the end of the Cretaceous Period and at the beginning 
of the Tertiary Era that followed, there began a great phase of 
mountain-building, heaving up what are still the great ranges of 
the world, the Himalayas, the Alps, the Rockies, and the Andes. 
Continental interiors were slowly rising, climatic conditions 
became colder and drier. This meant that swamps could no 
longer exist, that the plants that were the food of the great 
herbivorous dinosaurs like Diplodoats and Brontosaurus, as well 
as of the smaller forms, gradually disappeared. With them dis- 
appeared of necessity the carnivorous dmosaurs as well. It was 
in this way, in all probability, that the Age of Reptiles came to 
an end. 


Pre-adaptation 

Two more examples of major events m evolution remain to be 
described, both concerned with positive achievements, of which 
one is not so much important as momentous. In dealmg with 
them I shall refer at some length to a factor in evolution which 
has not yet been mentioned, not because it played no part in 
events already described, but because in these two wc find un- 
mistakable evidence for the part that it played in materially 
assisting the structural response of an ammal to a changing 
environment. It is for this reason that I deal with these examples 
under a fresh heading 

What are the two most striking general results of evolution ? 
First the animals undergo organic change, one t3rpe evolving 
into another type. Equally important for my present purpose is 
the other: that all kinds of animal existing at any one time are 
adapted each to a certain environment. The degree of adapta- 
tion varies, as we have seen, within wide limits, all the way firom 
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a loose, so to speak elastic adaptatioo permitting mote than one 
environment to be suitable, to extreme spedalizatiim with re^ 
gard to one kind only, frequently of a very restricted sort The 
all-important point is that adaptation must exist or the animal 
will be unable to maintain itself. From this it follows that when 
an environment changes, its tenants, having already adapted 
themselves to one set of conditions, must contrive to adapt 
themselves to another set. If, hke the dinosaurs at the end of the 
Cretaceous Period, they fail to do so they will inevitably perish. 
They must be capable of surviving the change, of setting up at 
least a bridgehead of survival in the new environment. Now it 
is, of course, true that the ability to do this up to a point is 
inherent in all animals. They are quite capable of ch ang in g their 
habits, of living, for instance, on some new kind of food. This 
means that when changes are slight, as most of them are, the 
problem of survival presents no great difficulty. But where 
major changes are concerned, such as that from forest to grass- 
land, something more will be needed if the animal is to have a 
reasonable chance of surviving. 

Changes of both these kinds, the slight as weU as the more 
marked, necessitate differing degrees of what is known as pre- 
adaptation. To consider slight changes first: when an animal 
transfers its attention from one foodstuff to another its digestive 
system must be of the kind that is in the first place adapted to 
the ongmal food and at he same time in a sense pre-adapted to 
the new one. Very possibly it will be suitable for both, and the 
transition is then easy. That is an example of one kind of pre- 
adaptation, inherent and universal in a wide variety of w&ys. 
But there is also another and more speci-ihzed kind, when an 
organ or a limb that has become adapted to a certain set of con- 
ditions, and used for a particular purpose, is capable of becom- 
ing modified for use for another purpose in a different set of 
conditions. For this to happen it is essential that the organ or 
the limb should possess already some feature capable of adapt- 
ing itself to changed conditions. It is as though (and why not ?) 
the change had been foreseen and allowed for m the course of 
the animal’s evolution. 
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We can now come to specific examples of evolution in action 
and the important part that this more striking kind of pre- 
adaptation played in it. First, consider the development of the 
modem horse. This is a story that has been told many times. 
Almost every book on evolution brings it in, often in consider- 
able detail, which is not surprising for it is one of the very few 
tolerably complete sequences ihat the fragmentary fossil record 
can show. Once more ecology plays a major part. The evolution 
of the horse must have involved organic changes of many kinds, 
but naturally we can know only those that show themselves in 
the fossilized skeleton, and of tliese, four are outstanding. They 
are: an increase in size, a reduction of the number oi toes or 
digits on all four feet, an elongation of the facial region, and 
finally a marked change in the teeth. The earliest horse, 
Eokippns, was about tlie size of a fox-terrier, had four digits on 
each foot, and low-crowncd teeth adapted to browsing off 
comparatively succulent vegetation. Subsequent development, 
culminatmg in tlic horse we know and protracted over some 
fifty million years, was towards a progressively larger animal 
with a more highly developed brain. Accompanying these 
changes there arose a tendency towards supporting the w’cight 
more and more on the tips of the toes, in such a way as to make 
the lateral digits less and less necessary. This gave the creature 
enhanced speed, and it ended in the smgle-tocd horse of today 
with vestigial splint-bones, invisible externally, as the sole 
remnants oi tlie lateral digits. x\s for the teeth, they imdcrwent 
a change from the low-crowned sort with a simple surface- 
pattern, to a new' type longer m proportion to their width and 
with an intricate surface-pattern suitable for tlie mastication of 
harder and drier grasses. All tlicse changes were adaptive, for 
the later horses were grazing as opposed to browsing creatures, 
and their development can be correlated with a changing habi- 
tat during the Miocene Period when forests were tending to 
disappear and drier, open, grassy plains, admirable for gallop- 
ing over, were taking their place. Life on these plains set a 
premiu n on speed and on tlie ability to chew tough-stemmed 
grasses. But it must not be supposed that there was this one line 
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of development only. On the contrary there vs^ere many lines» 
but none persisted for as long as that \vhich gave rise to the 
large, one-toed, grazing horses. One line continued from the 
original forest-living browsers, which remained as such. They 
too developed, but differently and less rapidly, reaching a sort 
of culmination, with three toes instead of four, at about the time 
when the future grazers were beginning to lake to the plains. 
Finally they became extinct. 

How tlien does pre-adaptation figure in this story? Very 
notably. One example of it has already been referred to, namely 
that tlie forest-dwelling browsers, while they could s^ be so 
described, had undergone a reduction in the number of their 
digits from four to three. But that is by no means all, for the 
interesting and highly significant conclusion emerging from 
study of the skeletons of the many kinds of horse destined in 
time to develop into the animal that we know today, is that their 
evolution was materially assisted by organic changes that had 
already begun to manifest themselves while yet they lived in 
forests and browsed off leaves. In other words those structural 
changes fitting them so admirably for life on the plains began 
to develop before the conditions responsible for their final per- 
fection had begun to appear. The browsing forest-dwellers in a 
word were pre-adapted in a number of ways for life on open 
plains, where under stress of natural selection these same 
characters w^ere yet further modified, adapting their owners 
more and more closely to the new way of living. The same may 
well have been true for other characters, a digestive system, for 
mstance, adapted in the first place to the use of comparatively 
soft plant-food, and perhaps in some v'ay pre-adapted for 
dealing with tough grasses. Since there is no possibility of 
stomach and intestines being handed down to us m a fossilized 
state, this can be no more than conjecture. 

Another and perhaps even more striking example of pre- 
adaptation involves a more pronounced change of environment 
and an incomparably more important step in the evolution of 
life. It concerns the evolution of amphibians - frogs, toads, 
newts, and the like - from fishes, of creatures, that is to say, in 

187 



THE SOCIOLOGY OP MATURE 

thdr adult stage habitually breathing air by means of lungs, 
&om those at all times breathing oxygen dissolved in water, by 
means of gills. It is generally agreed, both on biological and geo- 
logical evidence, that this momentous step, without which the 
evolution not of amphibians only, but of reptiles, birds, mam- 
mals, and ultimately of man himself, could scarcely have 
occurred, took place some time in the Devonian Period more 
than 300 million years ago. The environment concerned was 
that of shallow, fresh- water lagoons under a hot, moist climate. 
Lagoons of this kind arc well known today, wide stretches of 
sh^ow water, overshadowed by luxuriant vegetation, intensely 
heated by the sun, subject to a high degree of bacterial decay, 
where photosynthesis is at a discount and conditions generally 
those of stagnancy and a low content of oxygen. Life is not easy 
in these circumstances and the fishes exploiting them must 
adapt themselves or perish. What is particularly required of them 
is to perfect devices enabling them to make the most of the 
small amount of oxygen available, and this many of them have 
achieved by means of what may be called protS-lungs in their 
gill-chambers, air-bladders, stomachs or intestines. Because of 
^|se they can take in air from above the surface of the water. 
Nor is this all, for it is known that fishes living in stagnant, 
tropical waters have evolved a type of blood which differs from 
the blood of other fishes. The difference is to be found in a lack 
of sensitiveness to carbon-dioxide. Stagnant waters, while poor 
in oxygen, are comparatively rich in carbon-dioxide, and this 
richness in carbon- dioxide makes it difficult for the blood to 
transport oxygen; so a type of blood insensitive to carbon- 
dioxide is essential for fishes living in stagnant waters, where 
oxygen-content is in any case low. This type of blood then is an 
essential prerequisite for the evolution of a proto-lung. 

Now, as I have said, it is reasonably certain that the fishes of 
the Devonian Pciiod that evolved into air-breathing amphibians 
did so in conditions similar to those governing the fishes we 
know today that have remained faithful to the exacting environ- 
ment of stagnant tropical lagoons. They were pre-adapted to an 
utterly different environment in these two highly important 
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respects, possessed blood of a kind that made it possible £» 
them to evolve a proto-lung, and, having acquired a proto- 
lung, were then in possession of an organ capable of being modi- 
fied into a fully functioning lung when, because perhaps of die 
drying up of their shallow lagoons, they were faced with the 
necessity of making the first tentative attempts at living on dry 
land. 

Surely it is quite impossible to deny that this pre-adaptation, 
on the one hand among the ancestors of the modem horse, on 
the other among those of amphibians, is a factor of the utmost 
significance in evolution, not only when wc try to explain how 
it operated, but also and more important when we try to make 
out what lies behind it. Other examples are known, and there 
must be others again that are at present unknown. How have 
they come about ? Why were they at hand so as to be capable of 
further and different development when the need arose ? The 
orthodox school would have us believe that the sole explanation 
is chance. The great god Chance once more! These pre-adap- 
ted characteristics, they insist, proved useful and important in a 
changing environment because they happened to be there al- 
ready, achieved a limited degree of usefiUncss and importance 
before the environment began to change. It is enough to say 
that those of us who refuse to apotheosize chance prefer to see 
in it striking evidence in favour of some directing intelligence. 

There is more to be said on this subject of design in the uni- 
verse, incomparably more. A tar larger amplitude can be 
claimed for it than I have attempted to show up to now, and the 
fact that further evidence comes not from * ome rebellious ama- 
teur, but from a professional zoologist makes it all the more sig- 
nificant. In Penguin’s New Biology, No. 22, 1957, there 
appeared an article by L. E. R. Picken which opens up the most 
exciting possibilities, a new window on the world no less. The 
subject of the article is the stinging capsules, or nematocysts, 
with which many sea-anemones, jelly-fish, and the common 
fresh-water hydra, paralyse or kDl their piey. These stinging 
capsules, each enclosed m a cell, take the form of a minute bag 
within which lies a coiled tubular thread in a state of taision. 
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When an external trigger-like bristle sets off the device, the 
thread is shot out of the capsule at a speed too great for the 
human eye to follow. As it shoots it turns itself inside-out so as 
to expose a surface closely set with barbs. But it does more than 
turn itself inside-out: it dso swells in a highly specialized way, 
unequally, more in one direction than another. This is clear 
from the change undergone by the pattern of the barbs as be- 
tween the discharged and the undischarged condition. 

The author of the article is concerned with the mechanism of 
this kind of stinging capsule so far as it is known, u hich is not 
very far; but he is concerned even more with its evolution, and 
it is tliere that he penetrates that cloudy region in which biologj' 
touches closely upon molecular physics. The chain of rcasomng 
involves abstruse technicahttes and is not always easy to follow, 
but as I understand it there is substantial reason for concluding 
that this device of imequal swellmg of the discharging thread 
has been prepared for far in advance, not nicrcjy the struc- 
ture of the cell concerned, but by the pattern of the laj^ing 
down, the orientation, of the molecules at about the lowest 
level at which living mattei begins to be built up. The conclu- 
sion arrived at is that we aie faced with two conceivable alterna- 
tives: either that this planmng far in advance to allow for a 
future contingency is imposed from outude by some directmg 
intelligence, or that it is something inhcioiit m all living matter. 
The plain man might be excused for finding the second altei- 
native difficult to grasp, and for concluding that the two of 
them amount to the same m the end, namely a directmg 
intelligence. Dr Picken fands both of them disturbing, the 
second rather more so than the first. Disturbing or not, it seems 
reasonable to regard the whole conception as pre-adaptation of 
the most far-reaching kmd, apphcable not only to the stingmg 
capsules of coelenteratcs, but to living structures of all kinds, 
and if of hvmg matter then of non-living matter as well, from 
the infinitely small constituents of the atom at one end of the 
scale, to the infinitely enoimous swirling nebulae of outer space 
at the other. 
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More controversy 

Evolution is still a highly controversial subject, and it is quite 
idle to pretend that we have anything like a complete knowledge 
of It. It will be fitting to conclude this chapter by stressing the 
deficiency in our knowledge and referring briefly to one or two 
further considerations, from which the principal point emerg- 
ing is that perhaps we are wrong in assigning so dominant a rote 
to natural selection, extremely important though it almost cer- 
tainly is. It may even be that not all important changes are to be 
attributed in the first place to variations in the hereditary com- 
plex of genes. To take natural selection first, it is clear that it 
con favour only those variations that arc adaptive, that confer 
an advantage of some kind. There must have been many of 
these, but there were also a great many that, as far as we can 
sec, could not have been in any way adaptive. Very frequently, 
as I have already pointed out, they are trivial, minute features 
of no conceivable advantage, slight differences, say, in the colour 
of hairs on tlie tail of a mouse, or of the feathers of a bird. Now 
the significant thing about these trivial, so to speak neutral, 
characters is that the features distinguishing closely allied 
species, and still mor' subspecies, from one another are 
very frequently of this kind, ilow then have they become 
established if natural selection is the only externel factor at 
work? 

Part of a possible answer was referred to under the heading 
of density, and especially with respect to those cyclic fluctua- 
tions to which many animals are subject. It was pointed out 
there that during the phase of increase in density natural 
selection operates weakly, from which it seems to follow that this 
phase would also be that when non-adaptive, trivial characters 
get their opportunity to spread. If such characters, besides 
bringing no advantage, brought no disadvantage either, some 
at least would stand a chance of becoming established. 

Another faaor deserves consideration. It is well known that 
not by any means all the habitual acts of an animal are innate or 
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instinctive. Many are acquired or learned, particularly in the 
case of young animals imitating their elders. It is now known, 
for instance, that while the song of many birds is innate, that of 
others is learned by imitation. Chaffinches have recently been 
grouped in distribution from one part of the country to another 
in song-dialects, so that it is possible to distmguish the song of 
a chaffinch living in Yorkshire from that of another found, say, 
in Sussex. Now this, of course, is imitation, but it deserves 
to be called something moie. It amounts to the setting up 
of a song tradition, or not to stretch the point too far, of 
education. 

Let me give another example, this time from personal ex- 
perience. I once saw two thrushes on the gravel path of my 
garden. One was an adult, the other a rather more than half- 
grown fledgelmg, an adolescent m fact. The adult had a snail m 
her bill. She struck it once on the path, then instead of repeat- 
ing the action, as thrushes normally do, she waited, so to speak, 
pointing at the snail in a half crouching attitude, with head and 
bill stretched out towards it. Meanwhile her offspring also 
regarded it, though less intently. That, most regrettably, was 
the end. Someone came along the path and both birds flew 
away, leaving the snail behmd. I have never seen the same thing 
since, but am satisfied that what I saw then was the eldci thrush 
teaching the young one how to deal with a snail. li that is not 
education, the passing on of an acquired skill from one genera- 
tion to the next, what can it be ? The point, of course, needs to 
be proved by experiment, so as to find out if m fact hand-reared 
thrushes, that have had no chance of learning from their 
parents, do or do not know how to crack a snail. If ihcv do not, 
it would follow that the knack is an acquired one, and my ob- 
servation would be evidence, however fragmentary, that it is 
part of the educational system prevaihng among thrushes. The 
interesting conclusion would follow that this has nothing to do 
with heredity, that habits can be passed on from parents to 
offepring by education, as among men. The fiirther pomt can 
be made that while this is not a matter of mutation, has no 
connexion with the gene-complex, natural selection does enter 
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into it, since it is logical to suppose that thrushes well tutored 
in the art of snail-craclcmg are better equipped than those un<- 
tutored. Is it fanciful to conclude that education pla3rs a part of 
some importance m the evolution of animals ? 
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INSTINCT AND LEARNING 


Reasoning at every he treads 
Man yet mistakes his way. 

Whilst meaner things, whom instinct leads 
Are rarely known to stray. 

William Cowper: The Doves 


kSPSKENCE at the end of the last chapter to the art of snail- 
oacking among thrushes, and the possibility that this art is 
passed on from generation to generation by education, leads 
directly to the problem of animal behaviour as a whole, to the 
study and analysis of the things that animals do in their daily 
lives, and of what makes them do these things. This is a science 
in itself and one that has made notable strides during tlie last 
thirty years. So much attention is now being given to it, so 
naany specialists devote all their time to this one branch of 
Wology, that its inclusion in a book on ecology might be ques- 
tioned. There arc in this country an Association for the Study 
of Animal Behaviour, and on the other hand a British Ecological 
Society. The two arc quite distinct. In spite of this there is no 
difficulty in justifying the inclusion. After all what is animal 
behaviour but a specialized and highly important part of the 
animal’s response to its environment, and what is that but 
ecology ? 

are concerned with the behaviour of animals from the 
pamt of view of the psychologist, and must distinguish all the 
ywty through between two kinds of behaviour; that which is 
innate, inherited, or as we so often say instinctive, on the one 
hand; and that which is the result of learning and is not in- 
herited, on the other. This is a much less simple distinction than 
it sounds, and in fact it is never easy to say in any particular 
case wheffier an action is prompted by instinct or by learning. 
Very frequently it is a combination of ffie two, the latter extend- 
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xng the scope of the former. A young bird, for instance) in peck- 
ing for food obeys instinct, but also has to learn to distinguish 
between what is edible and what is not. That is only one exam- 
plej others are easy to find. Apart from such major considera- 
tions learning becomes important when conditions change, or 
are slightly abnormal. 

Instinctive actions vary very widely in complexity. On the 
one hand there are short, simple acts like fintlmg and feeding 
on suitable food, or mating with a member of the opposite sex 
(Plate 6a). On the other hand there arc complicated, protracted, 
and continuous aaions like the spinning of her web by a spider, 
or the building of her nest by a bud. Insimct is closely linked 
witii courtship, with rivalry beuveen males of the same species, 
with care for the young, w'ilh the onslauglii of picdaiois on 
their prey, as well as the escape or pi etc. non of prey from 
piedators. Examples of acts m\ol\ing learning .‘>re less easily 
smgled out, at least as far as animals in their natural surround- 
ings are concerned, and this for the reason already given that is 
many cases the occasion for them occurs .abnormally. It is not 
surprising, therefore, that investigation into the learning ability 
of animals has been carried oui for the most part in laboratories, 
W’herc tests arc imposed and tlic results noted, as for instance 
the time taken by rats to find their way thiough a maze. 
Instinct then is best studied m tne field, learning in most cases 
m the laboratory. This is something of a weakness, aud clearly 
It would be better as far as pc-sible to cai .v out learning tests 
also in the field, so as to make them contc’-m to natural condi- 
uons. In the daily life of a rat, for instance, the finding of its 
way through a maze is not so much a departure from the nonall 
as something entirely unknown, though it is, of course, true that 
the ability to do so might well prove valuable. 

Perhaps the diffeicncc between the two kinds of behaviour 
can be brought out most clearly by describmg a senes of actions 
involving both. It is a very remarkable example, one that has 
been referred to frequently in books on animal behaviour. 
Another point in its favour is that though the learning part of it 
involves an artificially imposed e.xperimeui, it was carried out 
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kt 1^ field. The actw was a hunting wasp of the grans 
Bme/m, and the observations were recorded in India by 
Hit^tra. This wasp builds little pots of clay^ whidi she then 
Stxxhs with the inert bodies of caterpillars, on the top of which 
sbe lass an egg. When the larva hatches from the egg it feeds 
<Hi the caterpillars. Kingston made the experiment of waiting 
until Eumenes had begun carrying caterpillars and then made a 
hole in the bottom of the clay pot. The first caterpillar fell 
through the hole, but the wasp took no notice and went on with 
her provisioning. The second caterpillar hung half-way out, 
but still Eumenes carried on, so that later caterpillars remained 
inside. It was only then that she seemed to realize that some- 
thin g was wrong and set about putting it right. She managed to 
push the protruding caterpillar back through the hole, but only 
after a long and painful effort. She then flew away, returned 
widi a pellet of clay and patched up the hole. In a second 
eitample, involvmg another wasp, this time a hunter of spiders, 
when a hole was made it was agam repaired, ^ut there was 
a further departure from the normal. In the ordinary way, 
vdien the pot has been stocked, the wasp closes it with clay 
working from the outside. But this one, before repairing the 
hole, appeared to hesitate as to which method she should use, 
and finally decided to repair it from withm. 

Now m these examples the whole business of building the 
pot, stocking it with food for the larva, laymg the egg, and 
finally sealing up the pot, is instinctive, an inherited and fixed 
chflin of actions or pattern of behaviour peculiar to the species. 
The rest of it, namely noticing the damage, stuffing the cater- 
pillar back, and repairing the hole, has every appearance of an 
intelligent process, what psychologists call insight leanung, 
somethmg more advanced than trial and error. We might expect 
such adaptabihty to abnormal circumstances in a dog or a bird. 
In a wasp it is very remarkable. But can we be quite sure that it 
was something outside the normal expenence of these insects ? 
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Wasps of the sand-pit 

The amateur naturalist interested in the behaviour of animals is 
unlikely to see anything as remarkable as this, but is certain on 
the other hand to find a great deal of quite absorbing interest. 
Apart from the hunting wasps, which have received a good ded 
of attention from the time of Fabre, the field of insect behaviour 
IS only partially explored. Much has been learned about birds, a 
little about mammals, but there remains almost unlimited scope 
for an inquirer. The pursuit is not without its vexations. In the 
first place a vast amount of patience is essential, long periods of 
waiting for something to toppen, for a wasp for instance to 
return from a foraging expedition, or to emerge from her nest- 
hole. Then there is the experience, certain to recur many times, 
of entering the theatre long after the rise of the curtain on the 
begmning of the performance, or of seeing it broken off for no 
apparent reason just as the climax is about to be reached. 

The result, as m my own case, is apt to be a series of note- 
books filled with fragmentary and inconclusive observations. 
The taking of notes in the field is of vital importance, but foe 
all that is a practice easily overdone. The beginner, rightly mis- 
trustful of his memory, is much inclined to do his watchii^ 
notebook in hand, to scribble furiously and illegibly, and m 
doing so to miss some critical link m the chain. The only pos- 
sible course in these circumstances is to continue to collect 
fragments however inconclusive and even contradictory t3h^ 
may seem, and to trust in one’s subsequent ability to join the 
fragments together into some sort of comprehensive whole, so 
that conclusions, whether new or old, will be arrived at in time. 

As evidence both of these diflSculties and of the absorbing 
interest of the pursuit, certainly in no way because of their 
originality, I offer some of my own experiences. The scene is 
that abandoned sand-pit described in a previous chapter, where 
for once human activity, instead of destroying animal life, has 
provided in this instance tail cliffs of compacted sand exactfy 
suited to the requirements of sand-martins and of a host of 
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insects, including several species of hunting wasp. Notable 
anRmg these, though by no means common, is Priocnemis 
exaltatus, a spider-hunter little more than half an inch in 
icaigth, black but with a patch of chestnut on her abdomen. Her 
specific name is derived from the furious energy, the desperate 
air of having not a moment to lose, with which she goes about 
most, though not all, of her business. My first introduction to 
her was at the time when she was filling up and removing all 
trace of the burrow in which a paralysed spider had previously 
been stowed away as food for the offspring she was never to see. 
This masking of the burrow is very important because of the 
parasitic insects whose concern it is to profit from the work of 
others by laying an egg, so that the larva hatching from it will 
devour the spider intended for the larva of the wasp. There is 
one great advantage in observing insects as opposed to birds. 
The inquirer can obtrude himself so thoroughly as to gaze at 
a range of inches and even bring a lens to bear, and they will 
remain serenely oblivious. 

The filling up and masking of the hole occupied my Prioc- 
nemis for nearly half an hour of dedicated labour. A greater 
degree of methodical dioroughncss would not have been pos- 
sible. At first 1 could see only her head and thorax protruding 
ficom the hole, as with her mandibles she drew sand-grains 
towards her so that they filled up the hole. When she had filled 
the hole almost to the level of the surrounding sand, it was 
possible to take exact note of her method of working. The man- 
dibles and foremost pair of legs were used to rake in more grains 
of sand. That was one phase lasting for tliree or four minutes, 
and it alternated with another which was the pressing down of 
the grains with movements of her abdomen. Before long aU 
trace of the hole had been obliterated, but she was not yet 
satisfied and the raking and ramming went on. At last it was 
done, the alternating phases came to an end, and there began 
a different phase of walking slowly round in a last inspection. 
'Wings and antennae, hitherto inert, resumed their normal inces- 
sant quivering. After one final intent scrutiny she was gone. 

Later, on more than one occasion, I was to see the digging of 
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the burroW) but this was bewildering^ for it consisted of furious 
digging, when Priocnemis was frequently upside down in the 
hole with forelegs and mandibles frantically working. But the 
hole would be dug to a depth of no more than a few millimetres 
only to be abandoned as though it were in some way unsuitable, 
and she would begin all over again somewhere else. That was 
the abortive beginning of the drama of which I had previously 
seen only the last act. On yet another occasion, and again more 
than once, I watched the second act, when a wasp, having pre- 
pared a hole, had just caught and stung a spider. This inert 
burden, fully as big as herself, she proceeded to drag towards 
the hole in an undeviating line, under and over the most formid- 
able obstacles in the form of entanglements of grass-blades, or 
raoimtains of pebbles piled in her path. It is supposed that this 
is done by memorizing the route, often several yards in length, 
by recognition of landmarks. But I have watched Priocnemis 
draggingher prey on several occasions, as well as another species, 
Ponipilus nigcrritiiHSf with similar habits. Invariably they walked 
backw'ards all the way, which would seem to make recognition 
difficult. 

Once, on a memorable occasion, I watched Priocnemis mak- 
ing her w'ay backwards undcviatingly, dragging a spider for a 
distance of more than five feet up the vertical and sometimes 
overhanging face of the sand-pit, only to miss her footing and 
roll from lop to bottom of that vertiginous precipice. I found 
her at my feet among leaves of coltsfoot, and the spider was still 
firmly in her grasp. 

On this occasion I had seen the wasp, before she began 
dragging the spider, spend stvcral feverish minutes inspecting 
a number of holes dug not by herself, but by a different and 
much commoner species. This w'as Mclhnus arvensis, a fly- 
hunter of a kind that makes no attempt at masking the entrance 
of its burrow. Since these are invariably hollowed out in the 
vertical face of the pit, any attempt at masking would be futile, 
since sand scraped would at once trickle to the floor of the pit. 
It was clear that in this instance Priocnemis was making use of 
an abandoned Mellinus burrow. After inspecting three or four, 
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sbe sigoaHed her choice of one by spending a good twenty 
minutes out of sight inside. On that first ascent of the precipice 
which had ended in disaster, she had dragged the spider past 
this hole of her choice and continued climbing to a point twice 
its height above ground level. Now, before making a second 
^attempt, she made a second kispection of MelKrm holes, again 
chose one of them and again spent twenty minutes or so inside. 
This preparation completed, she came back for her spider, 
abandoned meantime among the coltsfoot plants, overshot it by 
half an inch, turned, found it and laid hold of one of its legs. 
Then the fringe of the coltsfoot jungle had to be traversed. This 
she did without slackening speed, under and over the broad 
discs of the leaves. More than once she took flying leaps, still 
dinging fast to the spider. Most remarkable of all was the way 
she negotiated a foot-long stretch of coltsfoot stem drooping m 
a shallow, horizontal aic in the direction she was taking. Along 
that elevated board-walk she sidled unhesitatingly crab-wise, 
using so far as I could see her middle and hiq^most pairs of 
legs, while head and thorax, togctlier with the body of the 
spider, himg over the abyss some eighteen inches below. 

Then came the sand-face and at last the hole. But to m3" sur- 
prise she seemed to have forgotten all her previous preparation, 
and set to work trying to drag the spider into another, smaller 
hole close by. It was too big to go in. This seemed to upset her 
completely. Leaving the spidei precariously balanced on the 
vertical sand-face, she began &curr5nng anxiously^from one hole 
to another, including the right one more than once, covering a 
space with a radius of three or four feet. But I must cut this 
Story short. The spider fell down again amongst the coltsfoot. 
There was a third preparation of a hole, a third retrieving of 
the spider, and a third ascent of the precipice, before with one 
more false move, at last she succeeded in stowing it safely away. 
What a strange combination of skill, resolution, and what ap- 
peared to be sheer muddle-headedness. The whole procedure, 
I may add, occupied the greater part of an afternoon m late 
August. 
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Theory of releasers 

Of the examples of behaviour given so far, that concerning the 
wasp Eumenes was a remarkable instance of adaptability to what 
seemed to be abnormal circumstances, of the flexibility of a 
chain of instinctive acts. It was a combination of instinct and 
learning. My Priocnemis, on the other hand, exhibited a wealth 
of instinctive behaviour, but precious little adaptability. Her 
behaviour was decidedly inflexible, if those odd ‘mistakes’ of 
hers are to be construed as such. In what way the abnormal was 
introduced, if at all, it is verj’ difficult to say. But there is no 
doubt that inflexibility is more commonly observed than the 
opposite. A spider, for example, spins her web on a foimdation 
of radii, like the spokes of a wheel, stretching from the hub to 
the circumference. Making use of these radii, she lays down 
spirals at right angles from one of them to the next, outwards 
from the hub. If some of the radii are severed while she is still 
at work on the spiral, she makes no attempt at repairing the 
damage, but goes on with what she is doing, with the result that 
the spiral, lacking its needful support, sags ridiculously in 
places, and the web spun by this rigidly predetermined chain of 
actions has the appearance of having been absurdly botched. 

This inflexibility is sc frequently seen in instmetive behaviour 
that it can be said to be typical, and this is only one of a number 
of features not so much typical as invariable. Another feature is 
that mstinctive action of a peculiar kind is inherited and as 
characteristic of the species of animal in question as its anato- 
mical structure or coloration. A third, and in some ways most 
important of all, is that each component of the chain, each unit 
in the pattern, is called forth by some item of the environment, 
whetlier for instance a food-plant or a member of the same or (rf 
a different species. It is a matter of receiving a signal and re- 
sponding by giving one of its own, or as students of animal be- 
haviour say, of an action being released, set off, by a stimulus 
known as the releaser. 

Thus the releaser required to stimulate the aggressive 


201 



THE SOCIOLOGY OF NATURE 

b^wviour of a male stickleback is the patch of red displayed 
1^ another male stickleback, that required to release the act of 
leading a female to the nest, where she is to lay her eggs, is her 
belly swollen with the same eggs and protruded appeasingly 
and invitingly in a submissive posture before the male. Among 
birds a well-known example is once more the colour red on the 
breast of rival male robins, though here both sexes are so 
ornamented. The sight of this releases chasing away of the 
trespasser-robin by the lord of a territory. Now in these and 
other examples it has been pioved conclusively that it is the one 
simple feature that matters, the two mere facts of redness, the 
one mere fact of a swelling on the underside. A male stickleback 
will attack the crudest model provided it has a patch of red in 
the right place. The same stickleback will attempt to lead to the 
nest a mere vaguely lish-like lump representing the female pro- 
vided its belly protrudes. A male robin will attack a mass of red 
feathers devoid of head or legs. In each of these examples, 
moreover, a model accurate in every other icspccj, but lacking 
the one sigmficant featui c, elicits no more than a faint response. 
It is a matter tlien ot sensory stimuli given out and responded 
to. 

In the examples cited the stimuli are all visual, evidence that 
in the stickleback and the robin sight is one of the more impor- 
tant senses. But the stimulus, the releaser, could equally well be 
associated with hearing, smell, touch, or even some vaguely 
understood chemical perception, vaguely understood that is to 
say by the human observer, not by the crcatuie concerned. It is 
important to understand also that, while these examples each 
consist of a single releaser and its correspondmg response, an 
elaborate and continuous pattern of behaviour is made up of 
a series of them, each following and consequent upon the one 
before, a sort of chain reaction culminating in an act, such as 
mating or the laying of eggs, w'hich is the consummation of the 
whole senes. It is not necessary for each link in the chain to be 
responded to by the same sense. In the stickleback’s pattern of 
behaviour, for instance, most of the releasers are visual but not 
all. We would not expect hearing to play a part where stickle- 
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backs are concerned, but at least one other sense takes part. 
When the female stickleback enters the nest, having first been 
shown the way by the male, she requires a fresh releaser to 
induce her to lay her eggs, and this is given by the male who 
hovers above her and prods the base of her tail with his snout. 
Wc know that this is a tactile stimulus because it is possible to 
produce the same result with the end of a glass rod. To single 
out another unit of the same stickleback pattern, after the laying 
of the eggs and their fertilization, the male begins upon his 
arduous duties of keeping them oxygenated by winnowing the 
water above the nest. In this case the appropriate releaser is 
given out by the eggs, either by scent or by some chemical 
means. 


General theory of behaviour 

The tlieory of releasers, significant as it is, goes only part of the 
way towards explaining the behaviour of animals. It is in fact no 
more than a part of a general, comprehensive theory. What was 
needed was something to explain not merely signals and the 
responses made to them, but something also of the internal con- 
ditioning of the animal, which makes it responsive to stimuli. 
This might explain instinctive behaviour, but leaves out of 
account the part played 1 y learning, that adaptability to unusual 
or changing circumstances wliich on occasions gives flexibility 
to some part of a chain. 

Such a comprehensive theory we now have and it is mainly 
the work of two men, Konrad Ixircnz, author of King Solomon's 
Ring, and N. Tinbergen now' of Oxford University. According 
to this theory the characteristic action of an animal has three 
essential and consecutive components. First there is the build- 
up, mainly within the animal, of that nervous and physiological 
condition of excitability, or as wc say when speaking of human 
bemgs, of a state of emotion. This is thought of as energy accu- 
mulated under some sort of pressure, so that the animal is 
compelled to give expression to it. It may be a matter of hormones 
liberated into the blood-stream, bringing about the urge to 
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peiifotm the act of mating, but this is only one example. This 
part of the process has been given the name of the reaction 
specific energy, and the word specific is important, implying as 
it does that the energy accumulated at any one time leads to 
one particular and characteristic reaction o:^y. 

That is the first component or phase, and the second follows 
at once, for provided the pressure is sufliciently great it causes 
movement on the part of the animal, the initiation of a fresh 
phase of a length varying according to circumstances, during 
which the animal is in search of the opportunity to bring its 
reaction specific energy into play. The movement is either ran- 
dom or directed, short or comparatively prolonged; and it is 
during this phase alone, known as that of appetitive behaviour, 
that adaptability to circumstances or learning is exhibited. The 
phase of appetitive behaviour, that is to say, can be modified as 
a result of the Icarnmg ability of the animal, so that the goal, 
which is the third phase, is reached correspondingly more 
quickly or more easily. 

Now, provided conditions are the right ones, comes the third 
or consummatory phase, and now also comes the releaser and 
the response to it. The one is involved in the other, for with- 
out the rclcaser there can normally be no consummatory act. 
The necessary conditions for calling it forth are m fact two : the 
reaction specific energy must be at the required pitch, and the 
needed relcaser, as for instance the red breast of the rival male 
stickleback or the swollen belly of the female, must be present 
to call forth the act of consummation. One other point is impor- 
tant. The consummatory act, once performed, will use up either 
a part or the whole of the reaction specific energy. If it is all 
used up then the act cannot be repeated until it has once more 
been stored up. The simple parallel of a bath from which the plug 
has been removed suggests itself. The bath must be fiUed up 
once more, but in an animal, unlike a bath, while this inflow is 
in operation there can be no outflow. But a repetition of the 
consummatory act can be induced either by a repetition of the 
relcaser at a greater intensity than before, or possibly by a dif- 
ferent rdeaser. Lorenz, for instance, could induce young jadc- 
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daws to fly up firom the ground by raising himself sharply from 
a squatting posture, but if he wanted to make them repeat the 
movement, had to take quick steps away from them. It is also 
true that there is such a thing as a consummatory situation 
rather than a consummatory act. A familiar example is the be- 
haviour of a kitten in a new home, immediately embarking on a 
detailed exploration of an unfandliar room. This is appetitive 
behaviour called forth by the stimulus of fresh surroundings, 
and it leads in time to a consummatory situation of familiarity 
with the topography of the room, which in the wild state, 
or even a domesticated one, will be of future value to the 
kitten. 

All this, that is to say the thre^ phases, must be thought of, 
not merely as comprising a single action, but also as units of 
such a complicated pattern of bchavioui as nest-building or 
web-spinning, or to return to the stickleback, of the whole chain 
of its breeding behaviour, each link in the chain involving a 
renewed storing up of reaction specific energy, renewed appett- 
tive behaviour, a renewed releaser of the same or of a different 
sort, and a renewed response. 

This is interesting and comprehensive enough, but the great 
merit of the theory is that it does so much to explain, not only 
instinctive and learned activities of what may be called the nor- 
mal kind, but also certain complications involving actions that 
without it are entirely inexplicable, that previously in friut 
seemed to make no sense at all. What are we to think for in- 
stance of a young bird that goes through all the motions of 
catching and eating insects that are not the- e, or of a stickleback 
that spends time and energy winnowing a nest in which the eggs 
have not yet been laid ? The first of these is accounted for with- 
in the framework of the theory by supposing that in this young 
bird the reaction specific energy is at such high pressure that it 
bursts its bounds even if there exists no releasor in the shape of 
a moving insect to bring this about. This has been called a 
vacuum or overflow reaction. It will probably occur to the 
reader that another theoretical explanation would equally well 
account for die facts, namely that some sort of releaser is in feet 
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present, |)ut is recognizable by the animal only and not by the 
human observer. This is the explanation favoured by some 
authorities. 

DISPLACEMENT ACTIVITIES. The Other anomaly, that of the 
stickleback fanning non-existent eggs, resembles the last out- 
wardly but is explained in different terms, also within the frame- 
work of the theory. The important point to understand here is 
that the fanning is being done at the wrong time, rightfully 
belongs to a stage further on in the pattern of behaviour. When 
the male stickleback turns away from a courted female to lead 
her to the nest, he ‘expects’ hci to follow. If she does, the rest 
of the pattern continues on its appointed course. If, as quite 
often happens, she fails to do • o, then that portion of his re- 
maining reaction specific energy finds expression sometimes in 
a repeated attempt to induce hci , but on other occasions in an 
act belonging to that part of the pattern follow ing upon the lay- 
ing of the eggs. But in this case no eggs have yefcbeen laid, and 
the result is an apparent absurdity. The male stickleback has m 
faa jumped or sparked over from one part c»f the pattern to a 
later one. 

These displacement activities, as they are called, occur very 
frequently m the behaviour of animals, and are not unknown 
among human beings. It will be worth while giving a few more 
examples, and one of them can be taken once more from the 
stickleback. When on the boundary between two territories rival 
males confront one anothti in a bellicose mannei, one will 
usually attack, but on occasions his aggressiveness takc^ the 
form not of attack but of display. He upends himself with dorsal 
spines directed towards his ri' al and snout proddmg into the 
sand on the floor of the aquarium. That also is an action per- 
formed m the WTong context, for it is properly a part of the aa 
of making a nest. The cause of it may be that he has failed to 
receive the appropriate icsponsc, the answer to his challenge, 
from the other male. But there is another, and perhaps likelier, 
explanation, that it is the outcome of what is known as ambi- 
valence. That IS to say he is under the stress of two conflicting 
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drives, the drive to attack and the drive to retreat. The result 
of being thus pulled at the same time in two directions is a 
compromise which gives an outlet, though a displaced one, to 
his reaction specific energy. 

In a similar way, when two oystercatchers are squaring up to 
one another, one will suddenly break off his display and tuck 
his bill into the feathers of his back, going through the motions 
of falling asleep It is a sort of token sleep, a displacement sleep- 
ing, and it is important to realize that it is no more than a token, 
a pretence, an act performed out of context. Again, of two 
herring-gulls disputing ownership of a territory, one will sud- 
denly begin pulling vigorously at a tuft of grass. Tltis is another 
duplacement activity belonging, like the upending of the 
stickleback, to the context of nest-building. Yet another form 
frequently seen among birds, particularly perhaps ducks, is dis- 
placement preening, a mere touching of the feathers behind the 
bead with the bill. This example is specially interesting, for it 
often becomes part of the ritual of courtship. 

Courtship 

The last sentence brings in one of the most important of animal 
activities, those preliminaries to mating, often elaborate and 
ritualized, which we cal. courtship. Because some form of 
courtship is indulged in by almost all animals in which the 
sexes arc separate, and because it so vividly illustrates many of 
the principles of animal behaviour, some reference to it here is 
inevitable. Some writers would be inclined to give it a chapter 
to itself. Yet another reason fot giving it prominence is its re- 
lationship with certain displacement activities. 

Since courtship la so widespread among animals and often so 
elaborate, it follows that it must have considerable biological 
significance, and there is no doubt that it justifies itself abun- 
dantly. Its main purpose in the scheme of things is to effect a 
timing, a synchromzation. Males and females must arrive at a 
condition of readiness for mating at the same time. This of 
course is largely a physiological matter, the ripening of the male 
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ttid gametes, but it can be assisted and stimulated by 
miot^^pes of behaviour. Of these the most elementary, and 
the first to occur, is some land of movement to the breeding- 
grotmd, if there is a speaal one, in the spring, so that the two 
sexes may expect to meet. This is synchronization of a sort, but . 
is no more than approximate Males and females are roughly in 
dte same place at same time. That is a beginning, of which 
the end is the physical act of mating. In between lies all the rest 
of the pattern of behaviour, of which something has been said 
already. The further degree of synchronization, the prelimi- 
naries to mating, is a matter both of persuasion and appease- 
ment, and the reasons for these bemg necessary are worth 
explaining. 

As I have said at some length already, all animals are subject 
to social appetite, tend readily to associate in groups or demes 
of the same species with a varying degree of mtegration. But 
mating means more than this. It means physical contact of the 
most intimate kmd. The only other occasioiv when physical 
contact occurs to a comparable extent is when a predator is 
devouiing its prey. Consequently it is not too much to say that 
physical contact is apt to be assoaated. though not of course 
consciously, with danger. To this it can be added that both 
during courtship and still more in the act of mating, both ani- 
mals are in a helpless condition. It is not surprising therefore 
that there should exist this strong element of appeasement, that 
a certain reluctance should show itself, which has to be over- 
come. This reluctance, which could well be called coyness, is 
more likely to be shown by the female than the male. The female 
carries the eggs, both before and after fertilization when that 
takes place internally, is called upon to lay the eggs, and after 
that plays in most cases a more notable part in care of the young. 
It can be said therefore that the female is the more biologically 
valuable of the two, and it is more often the coyness of the 
female that has to be overcome. On the whole therefore it is the 
male that does the courting, which to so great an extent is this 
overconung of reluctance. Most people would be likely to say 
that the male shows no reluaance, but that is not always true. 
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Even he, in many instances, shows if not coyness at Ijast that 
ambivalence of attitude to which I have already alluded. 

But of course it is true that on the whole the male shows more 
eagerness than reluctance, and there is appeasement of another 
kind to be taken into account. The truth is that the males of 
very many species are extremely pugnacious during the breed- 
ing season, and that this pugnacity is directed not only against 
rival males, but against females as well. For this reason the 
female is frequently much put to it to appease the hostility of the 
male, so that she shall be courted rather than attacked. Here, as 
almost ever3rwhere else m animal behaviour, we see releasers at 
work. At first the presence of the female often releases attadt in 
the male, and this among sticklebacks takes the form known as 
the zig-zag dance, a to-and-fro movement, alternately towards 
and away from the female, 'fhis is an expression of ambivalence 
on his part, but the drive of sexual eagerness overcomes the 
drive to retreat, which means that appeasement is called for. The 
female thereupon adopts a submissive posture, head up and 
tail up in a way that presents her swollen belly. This, as we saw, 
is also a rclcaser, and it elicits the sex drive at full strength in 
the male, so that he turns and swims at flashing speed to the 
nest, while that in its turn releases a following response from the 
female. 

The act of appcascmci t on the part of the female stickleback 
is associated with fertilization that takes place externally. 
Among birds fertilization is internal, requiring copulation, and 
so the hen bird’s act of appeasement takes the form of a croudi- 
mg attitude, a direct invitation to mount, /mong spiders there 
occurs a highly interesting reversal of this procedure, since 
among them it is often the female that is aggressive, sometimes 
so much so that the approach of the male involves him in dan- 
ger to his very life, and accordingly it is he who docs the appeas- 
ing. He sways his body from side to side, and at the same time 
waves his palps in a sort of semaphore m^ ^age to the effect 
tliat his mtention.> are wholly amorous. 

The releasers in these examples are visual, and since most 
animals are near-sighted, they are those concerned with the 
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immediate preliminaries either to internal or external fertiliza- 
tion. Hearing and scent on the other hand operate at greater 
distances, besides being senses very highly developed in many 
animals of widely differing relationship. We would expect 
dierefore to jSnd them made use of to bring the sexes together, 
sometimes from an astonishingly great distance. Among audi- 
tory releasers of this kind is the song or the call-notes of birds, 
the croaking of frogs, the stridulation of grasshoppers and 
crickets. Many of them serve a double purpose as warnings or 
challenges to rival males, and as invitations to potential mates. 
Scent is widely used, and we find some very remarkable ex- 
amples among insects, particularly some of the moths. The 
oak-eggar {Lasiocampa quercus) is perhaps the most striking ex- 
ample. The males have feathery antennae which are so sensitive 
that they will respond to the scent of a female distant from them 
a mile or even more. They will even invade towns in tlieir 
quest, where all kinds of other scents might be expected to over- 
come the infinitesimal, probably molecular, tiacecif the females. 
In certain other moths it is the male that produces the scent, 
when at close quarters with the female, and so induces her to 
mate. 

This bringing together in time and place is the chief function 
of courtship, but there is another and entirely different one, 
tqiplying not to tlie thing as such, but to the methods by which 
it is carried out. I referred to it in Chapter 8 in comiexion with 
evolution. This is that reproductive isolation between species, 
that barrier which pi'cvcnts attempts at mating between animals 
of different kinds. As we saw', there are several of these barriers, 
and one important one is that patterns of breeding behaviour 
are as characteristic of the species as its structure and appear- 
ance. In other words it is not merely a matter of signals and 
responses, but of the right signals and responses. It is here that 
we can appreciate tlie importance, and therefore the existence, 
of rdeasers and responses being arranged in chains or patterns 
rather than existing singly. A single releaser might evoke the 
appropriate response, but it is exceedingly unlikely that this 
W(^d happen when there is an ordered chain of consecutive 
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links. At least one of the links in the breeding behaviour pattmi 
of two species will be dilferentj and this will be of particular 
importance in the case of two closely allied species. For in- 
stance there are two distinct species of stickleback in British 
waters, the three-spined which is the common one, and the 
ten-spined. There is considerable similarity in their breeding 
behaviour, but whereas the male three-spined wears a wedding 
garment of red and blue, the ten-spined wears one of sober 
black. As a result it would be highly unlikely for a female three- 
spined to respond to the advances of a male ten-spined. Again, 
in studying llic breeding behaviour of the grayling butterfly, 
Tinbergen found that males would pursue, not female graylings 
only, but otlter butterflies also, in fact almost any small creature 
that moved through the air. Flight was the relcaser and it 
elicited pursuit on the part ot the male giayling. But the next 
link m the chain, the subsequent relcaser, had to be shown and 
this was done by the female who soon came to lest. Only then 
could courtship proceed according to plan, the specific plan of 
the grayling. For this reason grayling butterflies seldom go far 
m their attempts to mate say with meadow brow'ns. 

This brings me to a particular kind of visual rcleascr and badk 
to displacement activities, for there is one of these, displace- 
ment preening, which is known to function as a releaser with an 
importance of its owm, bas become something more, that is to 
say, than a display of nervous tension, which is what all dis- 
placement activities in origin are. There are, as we saw, a num- 
ber of tnete irrelevant activiu'es - feeding, sleeping, and so on 
but this displacement preening has been, so to speak, picked 
out by natural selection from the others and brought into dose 
association with a relcaser that plavs a prominent part in the 
courtship ceremony of certain birds, particularly wild ducks. 
With a groat many birds an important part of the ceremony is 
the display of some conspicuous feature in the plumage, some 
gaudy scheme of stripes, a boldly-markcJ circle or ‘eye’. 
During courtship this part of the plumage is often raised, 
pushed forward, made the most of in '■ome other way. But in 
the gargancy drake for instance there is more. The wing is not 


211 



THE 5(M:I0X.0GY OF NATUKE 

aetdy raised so as to display to advanutge the vivid grey-<Uue 
ei tbe wing-coverts, but at the same time is lightly touched by 
the bird’s bill in an abortive, token preening movement This is 
secondsffy to and associated with the raising of the wing, draw- 
ing additional attention to it What was originally the result of 
nervous tension has been formalized so as to become part of a 
ritualistic act A displacement activity has become a releaser, or 
a significant part of one. This and other examples of the same 
dung have led to a belief that the origin of releasers is to be 
found, partly at least, in displacement activities. 

Another and related effect of natural selection is worth men- 
tioning here in connexion this time with facial contortions, 
which are the outcome of nervous excitement. We might very 
well call them expressions of emotjon. Such are the gaping of 
the male stickleback; the bristling hair, the snarling grimace, 
the glaring eyes, of many of tlie larger mammals. These, in 
origin by-products, have acquired survival value in the course 
of ages because of their usefulness in threatening displays 
against rival males. 

A lyord of caution must be given here concerning almost all 
that has been said about instinct and learnmg. The theories 
propounded, the explanations given are highly interesting and 
the outcome of comparatively recent research. They can be 
accepted as well-founded, but it would be a mistake to look upon 
them as comprising the whole truth, and it is sound procedure 
to criticize them as being too mechamstic in their interpretation 
of anim al behaviour. They arc m fact open to entidsm in much 
the same way as was done m the case of the singing of birds in 
Chapter 4, when territories were under consideration. These 
very illuminating theories were to a large extent propounded as 
a reaction to earlier attempts at explaimng the behaviour of 
animals, which failed because the problem was approached in 
too subjective, too anthropocentric, a spirit. The earlier investi- 
gators tended to interpret the activities of animals along the 
lines of human activities, and there is reason for supposing that, 
as so often happens, the reaction has gone too far. Animals are 
not governed by promptings parallel with those of human 
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beings, but on the other hand neidier are they ma ghinwaj 
responding wholly and fixedly to machine-made stimuli ot 
releasers. They must be thought of as beings endowed with 
some degree of initiative, of volition. Also, each one is an indi- 
\idual in its own right, which means that one stickleback must 
not be expected to behave in exactly the same way as another 
stickleback, nor one robin invariably after the fashion of 
another robin. 

Further examples of animal behaviour 

Ideally this chapter should include a representative account of 
the behaviour of animals, both instinctive and learned, ranging 
from the protozoa and ending with the higher mammals. Con- 
siderations of space forbid any such thing, but I cannot go on to 
another subject without giving a highly selective description of 
some of the more interesting examples, acknowledging at the 
same time my indebtedness to Dr W. H. Thorpe’s book, Learn- 
mg and Instinct m Ammah. 

INVERTEBRATES. Instinctive behaviour, and sometimes what 
looks very like the result of learning, is easily demonstrated 
among creatures as low m the scale of development as the one- 
celled protozoa. Amoeba for mstance, one of the best known, 
moves by protruding what arc known as false feet, which are 
in fact lobes of its own jelly-like substance, and then drawing 
Itself in that direction, ^^en confronted in the laboratory with 
a hghted area, it reacts negatively with regard to the light, with- 
diawing an advancing lobe and protruding one on the opposite 
side, so that in effect it retreats from what it appears to recognize 
as a hostile environment. Another protozc.an, the ciliated Para- 
moectumi is capable of exercising what looks uncommonly like 
choice between particles suitable for food and others that are 
not. 

Certain sea-ammones show clear evidence of that form of 
learning known as habituation, failing to respond after a time to 
mechanical disturbances in a way that shows that this is not 
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merely a matter of fatigue. In one series of experiments one of 
these creatures was presented with a ball of absorbent paper 
soaked in fish- juice. At first this was accepted, but repeated 
offers resulted in refusal. This gives the impression of memory, 
connecting one set of conditions with another that brought im- 
pleasant consequences. Another and perhaps more striking 
example was shown by a species of flatworm which when 
exposed to light immediately seeks out the cover of darkness. 
This happens in its natural environment, the sea-shore, when 
the stone under which it is hiding at low tide is overturned, and 
the animal makes for another. In the laboratory it was placed in 
a dish, and when a light was turned on it at once began to move 
away. Now if another and opposing stimulus is applied, such 
as toucliing its forw'ard end, movement stops. In the experi- 
ment this touching was done repeatedly as soon as the light was 
turned on, with the result that after several repetitions the 
worm seemed to associate the touch, which prevented 
movement, with the turning on of the light, which normally 
elicited movement, so that when the light came on it stayed 
still. 

It seems that habituation has established itself very w'idely, 
if not universally, among animals, and it is not difficult to see 
why. What it amounts to is the ability to learn by experience 
which of the stimuli that life subjects them to arc of importance 
and wliich arc not. Sigmficant ones will evoke a response, in- 
significant ones will be ignored. All small, defenceless creatures 
must be alive to possible dangers of a wide variet}', constantly 
on guard against any moving object, and in fact any strange and 
sudden disturbance of their equanimity. But life would be 
unendurable if any and all of these were to cause automatic 
responses in the way of some sort of avoiding action. The ability 
to learn therefore comes to the animal’s aid, giving it the power 
to discriminate betiveen harmful and harmless disturbances. 

The great phylum of the arthropods is not merely that 
which comprises the largest number of species : it contains many 
more species than all the others added together. Of these, in- 
sects provide the great majority. More than hah" a million have 
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been descnbed and each year adds to the total. A leading auth- 
ority has estimated that there may well be somethmg hke two and 
a half milhon kmds of insect m the world, ranging from primi- 
tive forms of microscropic size up to the Hymenoptera (ants, 
bees, wasps, and then allies;, some of which can he regarded as 
on a par with birds and mammals in specialized structure, and 
well above them in complexitv of behaviour What behaviour 
could be more complex, indeed well-iitgh mcicdibly so, than 
the now full> recogm -cd dani-i of the none v-bec in the darkness 
oi the liive, passing on to hci companions the direction and the 
uistance of a newly discovcied source of food ^ 

■'X c are much inclined tc think the use of a tool as a faculty 
o olinguishing man from otlici animals, that it was this spccial- 
i/cd >kill, perfected by palaeolithic man with In > implements of 
< h>p{ cd tone, which hclpid matdi ili^ t > occ delate his evolu- 
I’oa 1 rom this we would conclude that any animal known to 
us(. an> tiling remotelv appro vimatingioaioolwasavcryicmark- 
abk animal indeed, showing what can onlv be descnbed as 
insigm learning X ct tlicr.. ai c a few lool-iismg animals and they 
arc known chiefly among the artlnopocls Which is the more 
remarkable, the use of a living or of an inanimate tool ? There 
cie examples of both. The crab Melia, referred to in an carher 
chapter, which use'- sea-anemones as food-catching apphances, 
IS an example of the former. The anemones arc held in the 
crab’s pincers, and the tool-user abstiacts the food it needs from 
among the tentacles of the anemones bv means of its foremost 
psn of legs There are tropical anti that make use of their own 
larvae as living sewing-machines to sew leaves together as 
shelters. The material used is the silk secreted by the larvae, 
and the ants hold them m then mandibles ‘o that the stitching 
can be performed. 

As for users of inanimate tools, and these after all are the 
kind favoured by human beings from palaeolithic times up to 
the present, the most tamous example i' the hunting wasp 
Ammoplnla which was seen by the America! naturalists, the 
Peckhams, to brmg into play a rammer m the form of a small 
pebble, with which to press dow n the soil ov ci the mouth of her 
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oomt^ed burrow. This was observed;, not as die usual prao 
^ of all AmmopMla wasps, but as the achievement of a parti- 
cular individual, a sort of genius among wasps, blazing a fresh 
trail. But it seems that this is too romantic a view. The same 
tiling has been seen since among members of the same 
notable genus, but more as the established custom, not the 
startling innovation of an outstanding personage. DrW. H. 
Thorpe indeed, in his recent comprehensive study of animal 
bdiaviour, is much inclined to deny that it is an example of 
insight learning at all, and to regard it, rather disappointingly, 
as a natural outcome of manipulation of clods of earth in the 
course of obliterating the entrance to their burrows. He prefers 
to think of it as trial and error. 

VERTEBRATES. Coming to the vertebrates, we find several 
Striking behaviour patterns among fishes. Few would regard 
them as creatures endowed with even the rudiments of intelli- 
gence, and yet there is one, a species of goby known as Bathy- 
gobim soporator, inhabiting tidal pools, which appears to be 
gifted with memory. At low tide tliis fish has a way of jumping 
from one pool to another and of skipping over wet rocks separa- 
ting pools. It is of course of the utmost importance that it 
should know the right direction for jumping or skipping, so as 
to avoid finding itself stranded in some dry cranny where it 
would in all probability die. Experiments have established the 
feet that this is not because it can look before it leaps. Nor is 
tihe method orientation to the sun, or even trial and error. The 
one conclusion that fitted the facts was that Bathygobius was 
accustomed to swimming over the pools when the tide was in, 
and having done so, was able to remember the general arrange- 
ment of the pools, and so to jump or slither unerringly firom one 
to another when the tide had ebbed. 

Enough has been said about the three-spined stickleback, 
with its complicated pattern of breeding behaviour and its 
Strong attachment to territory, to emphasize that it is something 
of a star performer, at least where instinctive behaviour is cou- 
ched. But it IS by no means alone in these respeas, and the 
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defining of territories is a well-established custom among trc^ 
water as well as marine fishes. Several of the tropical r.irhlids 
have been intensively studied with highly interesting resuliSy 
throwing light for instance on the evolution of releasers. Earlier 
in this chapter I pointed out how some of these can be shown 
to have developed in all probability firom displacement activi- 
ties. Study of the Cichlids makes it reasonably clear that many 
releascrs are no more than movements of everyday life made 
more emphatic. This applies particularly to the beginnings of 
the Oiovements, which are frequently left incomplete and are 
then known as intention movements. Among birds, for instance, 
a common intention movement, signifying flight, is a sudden 
croucliing. Among these Uchlids, some when about to move 
mal'e a sideways swing of the head, together with a furling of 
one of the dorsal fins. In some kinds of Cichlid this intention 
movement has become an important relcascr responded to by 
the swarm of young, which wheels in the direction indicated by 
the swing of the parent’s head In others it is the fin movement 
that evolution has singled out, and the effeci is emphasized by a 
row of coloured spots along the spines which flicker as the fin 
is raised and lowered. One of the Cichlids has shown that it is 
capable of benefiting from experience. A inale brought up in 
isolation will be deceived by a simple model of a female, but 
one brought up in the company of females can recognize a 
dummy for what it is. 

Behaviour patterns among birds are so varied, from the one 
extreme of the apparent absence of any courtship at all, to the 
other of the breath-taking displays of the birds-of-paradise, as 
to make this an exceedingly woith-while study in itself. In 
between those extremes lies an infinity of gradations, caA 
differing in some respect from all the others. There are birds in 
which the sexes are outwardly alike and courtship mutual, with 
comparatively little aggressive display between males i others 
in which, though the sexes are equally Indistinguishable, as 
among robins, courtship is negligible, but rivalry between males 
intense and prolonged; others again, such as pheasants and 
ducks, where sexual dimorphism is so marked that co<± and hen 
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ire recogaizabk as belonging to the same spedes 
There are a few, like the red-necked phalarope of Hebridean 
lochans, in which the hen is more gaily coloured, while the cock 
resembles the stickleback in taking upon himself all the duties 
of parenthood. 

Consider the great crested grebe (Plate ya), so much commoner 
today on our inland waters and flooded gravel pits than twcnt>- 
five years ago. The sexes are outwardly almost indistinguish- 
able, and courtship displays correspondingly redprocal, 
varying from the frequent head-shaking ceremonies to the 
presentation of beakfuls of weed to one another, to mention 
only two out of several. It appears though that these chsplays 
which may begin as early as January, arc not really concerned 
with courtship as such, in the sense of being immediate picli- 
minaries to mating. There is another and later set of ceremo- 
nies, quite distinct, taking place always on the platform of weed 
which is to be the nest, and leadmg chreetJy to coition. The 
first set seems to be concerned only with appeasement. There 
is also their charmmg habit of carrying the chicks on their 
backs often dividing the brood between father and mother. This 
carrying of the brood is an adaptation made necessary by the 
voracity of carnivorous pike w'hich arc the grebe’s chief pre- 
dator so long as they aic chicks. But it is pleasant to know that 
the patents go some way towards restoring the balance by feed- 
ing their young on the fry of the pike a> well as that of other fish . 

Mention of the chick-carrymg habit of the great crested 
grebe brings to mind the behaviour of birds connected with 
care of their young. Where this duty is concerned birds can be 
divided mlo two classes ; that in which the young remain for 
some time in the nest (^Platc 8), completely dependent on then 
parents for food and warmth; and the other m which the 
chicks are able to run about almost from the moment of hatch- 
ing (Plate yb;. Broadly speaking the diffeience corresponds to 
that betw'ecn tree and bush-ncsting birds on the one hand, and 
ground-nesters on the other, though the correspondence is not 
quite complete. Adaptations and behaviour dilfer widely from 
one class to the other. What contrast could be greater, for 
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example, than that between the naked, helpless, and in our eyes 
repulsive chicks of the blackbird, and those of the ringed 
plover, charming little animated balls of down, fully clothed, 
cryptically coloured, and capable of running like mice when the 
shell of the egg has only recently been cracked. Corresponding 
adaptations of behaviour govern the lives of tliese widely con- 
trasted chicks, controlled by utterly different relcasers. 

The adult blackbirds spend the greater part of their time 
finding ‘bod for their young, and when this i‘ presented to the 
clticks the releaser in eonstant operation is the physical distur- 
bance of their alighting on the rim of the nest. To this the chicks 
instantly respond by a wide gaping of their bills, a movement 
that can be induced by the touch o‘'a human hand. But that is 
too Simple a statement to covet the facts. When the nestlings 
hatch they are blind for some days, and n is then that gaping is 
evoVed by the movement of the alighting parent, the yawning 
bills directed vertically upwards. As soon a* the eyes open the 
clticks are able to respond to a visual rcleascr, that it> to say no 
longer vertically upwards, but at an angle towards the parent, 
not just at once however. A short intcimcdiate phase intervenes, 
when tliough the response is made to a ''isual rclcaser, it is not 
yet directed by it, with tlie result 'hat the gaping is still up- 
wards in spite of the fact that they can see. After that they gape 
m the direction of the parent’s bill with its proffered food. 

It IS perhaps a little surprising ,o karn that the parents of 
these nest-dwellmg young require a i eleaser no les > than their 
infant'. This is provided sometimes by a vivd colouring of the 
inside of the throat of the young bird, sur iciimcs by a wide 
palc-colourcd flange round the base of the bill, a feature that 
disappears with infancy , and applies particularly to birds that 
nest in semi-darkncbs, such as the starluig. In some species, 
such as the recd-warbler, the hawfinch, and the bearded tit, the 
inside of the young bird's throat is ornamented by a conspi- 
cuous pattern of stripes, triangles, or spot -.ervmg to guide 
the parent’s bill not merely to the gaping mouth, but to the 
exact spot where the food must be inserted. In one tropical 
finch, which nests in the dark, the throat of the nestling is 
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equipped with spots desorving to be called luminous, since dtey 
r^ect what little light there is. Directing patterns sudi as these 
provide a most interesting parallel widi the honey-guides in the 
form of converging lines on the petals of flowers intended to 
guide bees to the neaar within. 

I cannot pass over one other and rather delightful instance of 
cooperative behaviour on the part of parents and chicks, though 
the subject is not usually classed as delightful. This is the neat 
S3retem of nest sanitation. The young birds do not foul the nest 
indiscriminately. What happens is that the adult bird waits 
beside the nest after presenting food. Presently one or other of 
the chicks begins to squirm, rolls to one side and extrudes its 
ftieces enclosed in a tiny white bag. This is either devoured by 
the parent or carried away and dropped some distance from the 
nest. The releasers here seem to be, for the young bird, the 
continued presence of the parent, and for the parent the con- 
spicuous whiteness of the faecal sac. How so dainty a device 
came to be evolved is something of a mystery,»but at least its 
survival value can be guessed at. The foulmg of the nest might 
be harmful to the chicks. More to the point perhaps is that pro- 
longed voiding of the faeces over the rim of the nest might 
betray its presence to a predator. It is true that many birds are 
careless to say the least where sanitation is concerned, but on 
the whole this is true of the larger or more predatory species, 
such as hawks, that can afford to be careless. 

How different are conditions in a colony say of nesting 
herring-gulls, intensively studied by Tinbergen, or of some 
other bird with young Aat are nidifugous, abandon the nest 
that is to say soon after they are hatched. A few hours after 
emerging from the egg the chicks, warmly wrapped in down 
and able to stand, begin to beg for food., With herring-gulls, each 
pair controlling a territory within the colony, the food is re- 
gurgitated in a half-digested condition and presented to the 
chi^. But to do this the parent requires a releaser, and the 
chick provides it by a pecking movement directed not merely 
vaguely towards the parent, but precisely to its bill, and even 
more precisely to the red spot near the tip of the yellow bill. 
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Expenmom with dtunmies show that red is the most eSectiw: 
colour. Spots of other colours evoke less response, a ‘bill’ 
devoid of a spot scarcely any at all. 

That is one form of close mutual relationship between 
parents and young. Soon comes another. Within a few days the 
chicks are scurrying actively about the territory. Consequently 
they have to be defended from predators, and an auditory 
releaser comes into play. The instant that a marauder appears 
the adults utter a specific and recogmzed alarm-note, to 
which the whole colony, both adults and young, lospond. The 
adults fly up and a few will attack the prcdatoi . But the reaction 
of the chicks is to crouch and freeze m their tracks, relying on 
stillness and cryptic coloration. The parents can and do inform 
the chicks of a state of emergency, but arc unable to give any 
idea of dte whereabouts of tlie marauder. Consequently there is 
a general crouching and stillness. Tinbergen tells of ar amusing 
incident when he himself, concealed in his hide, was the cause 
of the alarm, and some of the chicks, warned by the alarm-note, 
sought safety within the hide. The whole colony had accus- 
tomed itself to the hide, accepting it as part of the landscape, 
but a careless movement on the part of the w'atcher inside \m 
enough to set off the siren. 

These examples of varying releasers, evoking a predeter- 
mined response, arc of course a matter of msunct, but that 
docs not mean that learning plays no part. In creatures as hi^ 
in the scale of development as birds there is no doubt that it 
often plays a cxinsiderablc part, for instanc'* in allowing them 
to distinguish between harmful and harmless invaders of their 
territory. The following very remarkable example illustrates 
this vividly. Several workers have experimented with card- 
board models of birds of various kinds attached to some sort of 
overhead wire and thus made to 'fly’ over, for instance, ducks 
and geese. The most mtercsting model was that of a b’rd with a 
long outstretched protuberance at one end “Viid a short one at 
the other. If the model was ‘flown’ in one direction it had the 
ou tlin e of a bird with a long tail and a short neck, resembM 
almost any kind of hawk, and caused alarm at once. ‘Flown’ in 
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the opposite direction, it became a bird with a long neck and a 
short tail, perhaps a swan, and no alarm resulted. 

Many experiments have been carried out to test the learning 
ability of birds, and they are extremely interesting. From the 
point of view of the ecologist, however, they have the serious dis- 
advantage of being concerned with conditions so abnormal as to 
be quite unknown to birds in their natural habitats. Miss Len 
Howard’s astonishing revelations of the great tit’s ability to 
repeat accurately a varying number of beats tapped out with a 
pencil is an example. Others show that some birds confronted 
with food attached to a dangling string will pull the food within 
reach and hold it in that position by placing a foot on the string. 
Another makes it clear that a jackdaw can be trained to distin- 
guish between the number of dots on the lids of boxes contain- 
ing or not containing food. Tlicrc is this much to be said in 
favour of these liighly artificial tests, that they show clearly the 
surprising ability to learn, demonstrate the latent reserve of 
learning ability m birds, which tan be brought mto play when 
the occasion arises. 

Very little work has been done with mammals m their natural 
surroundings, and obviously the difficulties are very great, not 
least among them the fact that so many arc nocturnal. This 
means that the ecologist, convinced that there can be no real 
substitute for observations made in the field, is inclined perhaps 
unreasonably to look with disfavour on w'hat we now know 
about the behaviour of mammals, the result almost entirely of 
laboratory tests or of experiments on domesticated animals. 

With this in mind, however, certam broad conclusions can be 
arrived at, in the midst of a great deal that is uncertain and con- 
tradictory. One thing bound to impress the student is that, 
while many conclusions conform to what he would expect, 
there are as many, if not more, of which the same could never 
be said. It is not surprising for instance to learn that the sexual 
behaviour of most mammals is innate and inherited. But it 
seems that this holds good only of the lower mammals who, if 
reared in isolation from their fellow’s, nevertheless perform 
sexual actions at full intensity as soon as the necessary stimulus 
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is provided. On the other hand a young male chimpanzee, in 
the presence of a receptive femde, fails to achieve union. 
Another unexpected conclusion is that in a number of instances 
previous practice seems necessary for certain types of be- 
haviour. Thus female rats, accustomed to build nests in antici- 
pation of giving birth, fail to do so if they have been kept in 
cages bare of nesting materials, even though material may be 
available when the time comes. Similarly the hoarding of food 
not immediately needed will not be done by rats that have been 
reared in cages destitute of any surplus to hoard. On the subject 
of hoarding it should serve as a warnmg against trying to 
interpret the behaviour of animals in terms of human motives 
to learn that a hoarding animal will often appear quite uncon- 
cerned if the food is only partially hidden, or if it is stolen 
almost at once. 

There is little doubt that many mammals are strongly terri- 
torial, and 1 hat the territory system gives scope for the exercising 
of a latent ability to learn. Knowledge of the extent and in parti- 
cular the boundaries of a territory is often gained by prolonged 
and thorough exploration. Among dormice, and very probably 
among many other creatures as well, almost everything else - 
clmibing, concealment, nest-building, postures adopted in re- 
sponse to alarm - seems to be innate. Ail the same the distinction 
between innate and learmd behaviour is frequently by no 
means easy to draw. If familiarity v idi a territory depends on 
learning, it seems that the marking of its boundaries as a wam- 
iug to intruders by deposits from scent-gland^ or with urine, is 
imiatc. Perhaps we can say that, if the act of marking the boun- 
daries in this way is innate, the knowledge of where the marking 
should be done has to be learned. 


223 



10 


MOVEMENT AND DISPERSAL 

O’er bog or bleep, through strait, rough, dense, or rare 
With bead, hands, wings, or feet, pursues his way. 
And swims, or sinks, or wades, or creeps, or flies. 

John Milton: Paradise Lost, Book ii 


The behaviour of animah, almost invariably on land and to 
a considerable extent in water as well, involves movement of 
some kind, so much so that this chapter is really an extension of 
the last. But because movement is so general, and because it 
includes that widely rangmg movement from one habitat to 
another, which we migration, it is well worthy of a chapter 
to itself. Bound up with it is the dispersal of animals, that is to 
say the extension of their range, causing a change in their dis- 
tribution. Up to the present my concern has been with animals 
living in the commumty which is itself a part of their habitat. 
That will be true of this chapter also, but I shall have to consi- 
der as well certain occasions when, for one reason or another, 
animals forsake their commumty and exchange one habitat for 
another, cither temporarily or permanently For a start it will 
be worth while dealing in greater detail with movement as 
such. 

The power to move is considered, and rightly considered, as 
an attribute characteristic of animals as distmct from plants; 
and this after all arises directly from the main feature which 
distmguishes the one from the other. Plants manufacture their 
own food, and so apart from the need to extend their range, 
which they do mainly by seed-dispersal, are not required to 
move. Animals on the other hand are incapable of ma^g food 
for themselves, are dependent utterly on plants, and so are 
required to go m search of their food. But the extent to which 
movement for this purpose is vital to them depends on the 
medium m which they live. Water is a dense medium, capable 
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of sustaining a vast amount of food for animals, consisting in 
itself of course of living organisms, both plant and animal. But 
vrater is not only dense, it is in almost continual movement, 
with the result that nutriment is carried from place to place. 
For this reason it is not surprising that a great many animals, 
both in fresh water and salt, find satisfaction iheir needs in a 
sedentar)' way of life. Their food can be brought to them. This 
is a state of affairs impossible to land-dwelling animals, whose 
medium is the far less dense air. But the sedentary animals of 
salt water and fresh - some of the proto?oa, all the sponges, 
many coelentcrates, some of the worms, • l .iiioderras, and 
molluscs, and one notewortliy representative of the arthropods 
- are not to be dismissed in this sweeping manner as creatures 
content to stand and wait while a beneficent providence wafts 
food into their open mouths. In other word*- (he statement that 
thev arc sedentaiy needs to be qualified, anil this* ri two dis- 
tinct ways. In the first place many of them have evoKod a way 
of enhancing to their owm advantage the carrying capacity of 
water. By means of tentacles, feathery' plumes, and fee'ers, they 
create a movement of their own in the water, a liny and local- 
ized cmrent, conveying more food than w/ould otherwise find its 
■way towards them. The food is then filtered out. There are too 
entirely passive creatures like sponges lacking this ability. With 
them it is a matter of flushing water through tlieir bodies, ex- 
tracting food from it in the proct- . 

The second qualification is more directly concerned with 
movement, for the truth is that these creatures are sedentary 
for a phase, the final phase of their life-cvcle, only. In the 
earlier, larval phase they are creatures that move by means of 
cilia an'angcd in tufts and girdles on their bodies, th- continual 
lashing of which impels them through the w'ater. It is true that 
this power to move is very limited and it leaves tlicm almost 
entirely at the mercy of currents which impart movement far 
more effectively than any effort of their own Nevertheless they 
arc animals with tl e gift of independent movement to a recog- 
nizable extent. This is true of the larvae of all the sedentary 
animals of salt water and fresh. It is true even of the protozoa 
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ivhetber provided with a single flagellum or whiplash^ or with 
batteries of cilia in girdles and tufls. It is true at certain time, 
even of those protozoa like Vortkella that spend most of their 
lives fixed at the end of a contractile stalk. 

Even this docs not exhaust the possibilities, and it is reason- 
able to include an occasion for movement taking place before 
the animal has properly come into existence at all. Every 
animal in whose reproduction sex plaj^s a part is the result of 
the union of two parental cells, the ovum and the sperm. These 
indeed arc scarcely to be classed as animals, but at least they 
are the neccssarj" precursors of animals, and of them the sperm 
has the gift of movement. It is fully capable of propelling 
itself, and must do so if it is to find and impregnate the 
ovum, whether that ovum is inside or outside the body of the 
female. 

What all this amounts to then is that all animals without 
exception arc capable ot movement at some stage of their exis- 
tence; and the point to be made clear now is tha^this power of 
movement has two quite distinct and fundamentally important 
functions to perform. The first is to enable die animals to find 
food for themselves and at the same time, except for those at 
the upper end of food-chains, to serve as food for others. They 
become in fact a part of die food-cycle of dicir community. The 
other function is to effect theii dissemination. With the seden- 
tary creatures the primary compulsion, and the means by 
which both these functions are performed, is to find some 
suitable resting-place for their sedentarj’ stage. It is a matter of 
their lodgment within a habitat that suits them, where diey can 
realize their destimes, find the food they require, and pass on 
the torch of life by propagating their Idnd. During their larval 
stage they are likely to find themselves m an alien habitat, and 
it is up to them to locate a suitable one. In a great many 
instances it is nearer the truth to say diat the habitat locates 
dtem, in the sense that they are carried to it if they are lucky. 
The vast majoritj' of these ciliated larvae never find a suitable 
habitat, even if they pass the first stage of all which is that union 
of ovum and sperm necessary to bring them into existence in 
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the first place. Uncountable millions of ova, uncountable mil- 
lions of sperms, perish before they can find partners and unite. 
Uncountable millions of ciliated larvae also perish at one 
or another, and we refer to this with a superior shake of the 
head as exemplifying the prodigious wastefulness of nature. 
But in nature nothing is ever wholly wasted. The astronomical 
hordes of unfertilized ova, of mifunctioning sperms, of sacri- 
ficed ciliated larvae, all go to swell that great reserve of organic 
substances and of inorganic salts which is never exhausted and 
is continually drawn upon, so that the cavalcade of life shall keep 
fotever on the move. 

So much for those ammals that in the final phase of their 
h\es we call the passive ones, to whom movement is no longer 
neccs .ary. \lfTiat of the rest, the more highly developed aquatic 
creatures, verv nearly all the arthropods, most of the molluscs, 
and .ill the fishes ? To them movement is life, whatever their 
habitat, whatever their stage of development. Movement is 
essential too for nearly all animals living on land. For these 
active ones m both elements, because movement is essential, 
the power to move is more highly developed, giving a greater 
degree of independence, so that they can defy to a varying ex- 
tent both currents in water and winds on lanii It will be proper 
to examine the degree and the variety of their movements, to 
make some attempt at clas- ifying them fiorn this point of view; 
but T should like to go back for a i oinviit to the passive ones, 
to two examples of them, so as to point out that the sedentari- 
ness of some apparently sedentary creatures ’s to a large extent 
illusory. 

Consider the acorn barnacle (Balanus balanoidti - though 
there are other species and one other genus of this hilcrcsting 
but commonly disregarded creature), w'hicli has been referred 
to previously m connexion with the enormous populations or 
demes into which it congre gates over all our rock-giri shores. 
My concern now is with the life In story of the individual. It is 
in the first place, not a mollusc as was though., at one tiine, but 
a crustacean, a relation of the crab and the lobster. I hcir pro- 
digious crowding together has nothing to do with making easier 
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the dumce meeting of eggs and spetins, since fertilizatiQii 
stnmgely enough is internal, brought about by tbe insertion of 
a male organ, an inch or more in length, from one individual 
him another. Acorn barnacles are hermaphrodites, the organs 
of sex of both kinds being found within each individual. But 
do not fertilize themselves. Hence the crowding together is 
essential if there is to be any fertilization at all. An acorn bar- 
nacle isolated from its kind by much more than an inch is con- 
demned to sterility. 

The young barnacles then are extruded not as eggs, even 
fertilized eggs, but as free-swimmmg larvae with three pairs of 
1^, a condition in which their crustacean nature becomes 
dear. Later a more advanced stage is reached, m which they 
acquire a bean-shaped shell and six pairs of legs. This c 3 rpris 
larva (Plate loa) docs not swim, does not even feed. It has one 
business in life and one only, to find a resting-place, so that 
from it the final adult stage may arise. The all-important point 
is that the cypris larva is nor content with a me»e hit-or-miss 
method of finding an anchorage. It uses its legs, of which one 
pair is set far forward, to explore a rock suiface m a way that 
looks very like careful selection. What appear to matter most arc 
a rough surface and subdued hght. Under laboratory con- 
ditions, the only ones possible foi observing this remarkable 
‘choosing’, it has been watched covermg up to half in inch in 
an hour. Having, as wc might not unreasonably say, satisfied 
itself. It settles down to a sessde existence. The legs become the 
plumed feelers for raking in food, and it is then the creature of 
whom it has been said that it stands on its head and kicks food 
into its mouth. Here then is an animal tliat uses a random, 
broadcasting method of dispersal, but one that culminates m 
a phase that is far from being random. How' far this is true of 
all animals that broadcast their young is a question not yet 
^sfactorily answered. 

The other apparently sessile creature, equally well known, is 
the common limpet. The seaside visitor who gives the hmpet a 
diought almost certainly considers it very much of a sedentary 
animal, so much so that it is not easy to dislodge it from its 
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pearch. But I need say no more about this equally nicefy adapted 
creature, for 1 have described already its pastoral existence, 
grazing off the algal deposit that coats the rocks. The limpet, in 
spite of its fixity of tenure when exposed to the air, is an 
habituated to movement, not during the larval stage only but 
throughout life. 


Movements classified 

I am concerned here with the whole world ol ammal life, since 
as wc have seen, movement, whether at one stage or for the 
w'holc of their lives, is characteristic and cssentxal. Ir begins 
from the time when they arc launched into the world, either as 
larvae or as eggs which presently hatch. This phenomenon, 
.so vaiicd and so universal, can be classificil according to the 
roa-ons that prompt it, but this is not easily done except into 
rather loose categories that tend to overlap. That is true of 
nearly all classifications, and in this instance the atteinpl is worth 
making. 

MOYiMtNTS OF THE HABITAT. Fir,t of all it will be as wcU 
to dispose of one enormously important class of movement, im- 
poitant because it has gone on continuously throughout the 
history of life on this planet, and because it is certainly the basic 
factor in the dispersal of animals and consequently in their geo- 
graphical distribution at any one time. I have referred to it in 
the chapter on changing habitats. It i-, that movement, not of 
animals as such, but of whole ammal communities, inevitably 
and involuntarily resulting from the movement of then habitat. 
This is caused in the first place by plant succession, beginning 
with a bare area and ending with the climax determined by the 
climate of the part of the world concerned. As we s w, it is this 
that ultimately gives rise to the great natural regions, c.msisting 
of different kinds of forest, different kmds of grassland, differ- 
ent kinds of desert or semi-desert. T hen there is that much 
slower kind, by which the natural regions themselves change, 
advancing in one place, retreating m another. In both of thes^ 
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tile aoirnd communities move, are dispersed, because they 
cannot help it, migrate because their habitats migrate. 

Two important points must be added to what has been said 
previously on this score. First is that on occasions this large- 
scale, involuntary migration acts in conjunction with warpings 
and risings of the earth’s crusty and with natural selection, to 
produce very striking results indeed, some of which may be of 
great importance even today. Consider, for instance, the well- 
known fact that the continent of Australia and the islands 
surrounding it are populated, apart from recent introductions, 
by mammals almost exclusively of one kind, the marsupials, 
those that is to say that bring forth their young imperfectly 
developed and housed for a time in a maternal pouch. These 
are quite distinct from the later, placental mammals, whose 
young arc more or less ready for active existence from the 
moment of birth. How has tliis very striking fact come about ? 
To answer we must go back to the time when the early mam- 
mals were being evolved from reptiles, some hundred million 
years ago. Most of these were marsupials, and their stock soon 
began to branch out into forms suited to various habitats in 
tiiat adaptive radiation already described. How far tliis process 
had gone we can scarcely say, nor can w’e teU except vaguely 
where it was going on, but probably in a number of places. For 
present purposes it is reasonable to assume that one of these 
was what is now the Asiatic mainland, and that a slow drift of 
these early marsupials was carrying them eastwards along the 
present great chain of islands that we call the Indonesian 
Archipelago and so eventually to the Australia of those days. 
We caimot of course be certain that the cause of their migration 
was the involuntary one of the migration of the natural region 
to which they belonged, but it seems a reasonable supposition. 
This probably took place during the early part of the Tertiary 
Era, and a little later, after the movement was complete, 
Australia became cut off from the other land masses by a sink- 
ing of that part of the earth’s crust. The all-important result 
was that the marsupials of that region were isolated in a great 
stronghold of their own. Their adaptive radiation, however far 
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it may already have advanced, went on probably at a quickened 
tempo, into a variety of marsupial forms approximating tc, 
possibly exceeding, the hundred or more species found in 
Australia at the present time: die grass-eating kangaroos and 
wallabies, the root-eatmg wombats, the insect -catmg bandi- 
coots, the carnivorous cats and rats, the fruit-eating plialangers. 
Each group, and each member of the groups, found its niche, 
its characteristic diet, and became adapted m a number of ways 
to its mode of living. 

In the meantime placental mammals had evolved m other 
parts of the world and during the greater part of the Tertiary 
Era underwent their own adaptive radiation, competing as they 
did so with the marsupials, and competing so successfully that 
in tunc they supplanted them ahogeihci, apait from a few in 
South America. But except for certain bats and probably the 
dmgo they never found their vay to Australia because of the 
continued isolation of that continent. In Australia the marsu- 
pials weie free to thrive and to evolve ui iheu own way, and so 
came to dominate it and its encircling islands as they do to this 
day. A hundred years ago the naturalist Alfred Russel Wallace, 
jomtly responsible with Darw'in for the* theory of natural 
selection, traced the frontier dividing Australian from Asiatic 
mammals, marsupials from placcntals. Known as Wallace’s 
Line, it passes between the tw o small islands of Bali and Lom- 
bok, thence through the Strait of Macas'ar between Borneo 
and Celebes. 

The second point about these slow , compePed migrations of 
ammals with that of their main habitat, is to i '-late it with their 
other movements. It is clear that these other voluntary and 
habitual movements are carried on at the same time, that the 
large-scale general movement embraces all those made neces- 
sary by their daily lives. They are like passengers on a ship, 
walking the decks, playing games, dining and dancing, when 
all the while tliey arc being carried steadily ii < ne direction by 
the revolutions of il.c ship’s propellers. 

Naturally this migration of habitats has been of far greater 
importance with land-dwelling animals than with aquatic ones, 
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ftit aquatic creatures catmot be excef^, since rivets change 
dlda: course, form loops and meanders which are continually 
being cut off from the main stream, thus first extending the 
range of such animals, then isolating them. Lakes tend to fill up 
and to be brought into existence elsewhere by some natural 
damming up of rivers. As for the sea, the principle holds good 



Figure 7. Wallace’s Line dividing Asiatic fiom Australian fauna. 


there too, at least so far as marginal, shallower seas are con- 
cerned. It seems likely that the great oceanic basins of the woild 
have remamcd substantially unchanged, though some would 
deny it, but their margins fluctuate continually. It is unlikely 
that geologists could pomt to any part, howevei circumscribed, 
of any of the continents that lias not been submerged at one 
time, or more probably over and o\er again by transgressmg 
seas, drowmng plains, and the lower slopes of mountams in one 
place, laying them bare m another. 

As for land animals, to say that this migration has played an 
important part in their dispersal is certainly an understatement. 
It is nearer the truth to say that it has been the one major factor. 
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It is true that many animals do on occasions egchangy^ 
habitat for another» sometimes regularly. But it is not too mudi 
to make out that these on the whole are abnormal occasions. 
AnimalSj as a general rule, stay at home, if only for the reason 
that home provides the conditions to which they are adapted. It 
follows that if they move on a large scale it is because their 
homes are themselves on the move. The process is going on at 
the present time, and some of it we can see and measure. We 
hear a pood deal nowadays of deserts being on the march, of 
widespread increasing desiccation in the interior of continents. 
If the margins of deserts are advancing, as undoubtedly they 
are in Africa and Norilr America, cither from natural or h uman 
causes, then the animals characteri'^ lie of thoao deserts cannot 
fail 10 advance with them. We learn also of glaciers in retreat in 
mountainous parts of the world, of the southern limit of the 
pack-ice in the Arctic Ocean witlidrawiug nosthwards. If this 
is happening, the plants and animals of tundra communities at 
some distance from the glacier-fronts will slowly advance as the 
ice retreats. Fishes and other animals dsmandmg rather wanner 
conditions will similarly follow the recession of the pack-ice. 

MOVLMHNTS WITHIN THE HABl i A f , It is time nOW' tO tum 
to those comparatively small-scale movements of animals, those 
that \vc can call for the most part voluntary and incidental to 
their way of living. For what main reasons arc tliesc movements 
undertaken and what part, if any, do they play in the dispersal 
of the animals concerned ? Apart from sheer nijoyment, as for 
instance in soaring birds, four main reasons ca : be rather loosely 
distinguished, of which three may reasonably be called normal, 
frequent, undergone by animals to a very large extent as mem- 
bers of their communities, though included w'ithm these three 
are some involving an exchange of one habitat for another, and 
one which cannot cntircl}' be considered voluntary. They are: 
firstly drift, applying to an enormous numi.">' of verj' sin^l 
animals, but also to some larger ones, and caused by currents in 
water on the one hand, and by winds over both land and sea on 
the other i secondly movements in search of food and in seeking 

233 



THE SOCIOLOGY OF NATURE 

safety from predators; thirdly those associated with breeding. 
The fourth kind of movement, that which is more of an abnor- 
mality than the others, is that occasioned by overcrowding. 
Something must be said of each of these. 

I. Drift. Since this is caused by agencies of wind or water 
quite external to the animals themselves, it must be considered 
as involuntary. The animals, though capable to a limited extent 
of movement by their own effort, arc carried along whether they 
like it or not. Some, like the unicellular, planktonic plants and 
animals, may be said to like it to the extent that this is their 
normal experience. Living in the almost illimitable habitat of 
the open sea, they drift about, feeding and reproducing within 
its far-flung boundaries. As we have seen, they play an enor- 
mously important part in the ecology' of the sea. Apart from 
these there arc the equally countless hordes of larvae who 
depend on currents lor the fulfilment of their life-cycles. Cur- 
rents perform the necessaiy service of conveying them to that 
resting-place for their adult phases, where some wifl be fixed in 
one spot, while others move about m quest of food and of mates. 
Though temporary member"' t)f the plankton, they swell its 
numbers to an incalculable extent. 

A third category of these drifters may be said not to like the 
process in the sense that drifting is no necessity of their normal 
existence, but befalls them accidentally, sometimes even disast- 
rously. This happens much more frequently in the air than in 
water for the important reason that the atmosphere can never 
be regarded as a habitat foi living things in the sense that the 
open sea so abundantly is. 

Two examples of tins acridcntal drifting of animals can be 
given. In 1924, as recorded by Dr Charles Elton, the sledging 
parties of an expedition to the Arctic came upon great hordes of 
aphids in the barren snow's of Spitsbergen. These insects 
belonged to the habitat of the spruce forests of Northern 
Europe, and it was calculated that they had been carried on the 
wind for a distance of eight hundred miles. Naturally they 
perished in Spitsbergen almost at once. The same writer tells of 
dragonflies arriving on the coral islands of Cocos Keeling, For 
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a time all was well, and they laid eggs after the manner of their 
kind m pools of fresh water. But these pools were quite un- 
suitable and the dragonflies left no descendants on Ckjcos- 
Keclmg. Clearly in both these instances, if circumstances had 
been different notable dispersals of aphids and of dragonflies 
might have resulted. As things were, the aphws landed in an 
environment that forbade suttival, while the dtagonflies, 
though able to survive and c\en to breed, could not establish 
themseKcs as species. Accidents of this kind must be frequent, 
though It IS true that some have happy results, and we know that 
aphids at least depend normally on air-currents for their dis- 
persal. These two examples are uselul because they show that 
for successful dispersal three conditions must be fulfilled. A 
species landing in a new habitat must be able to survive even if 
only to the extent of a few individuals out of a great horde. 
Haviiig survived, some of these few must find mates, and, hav- 
ing found mates, must succeed m rearmg a brood. Only then 
can there be a chance of the species cxtcuduig its range. 

There is no doubt that air-current, play a big part m the dis- 
persal of some insects, though it is onJ\ m leccnt years that the 
insect population of the upper air Las been fully mvestigated. 
This was done by means of nets attached to the cables of 
bari age-balloons. Results were stirprismg. It was found that 
duting the summer months a column of an one mile square be- 
tween heights of 1,000 and 2,000 feet contamed a quarter of a 
million insects, while a similar column below x,ooo Icel con- 
tained nearly a million. These weie raaini aphids, minute 
flies and equally minute hymenopteia. These and other insects 
have been caught in traps on aeroplanes up to a height of 
14,000 feet. 

Apart from the air-currents themselves it seems that tem- 
perature Is the climatic factor having the greatest influence in 
populating the air with these hordes of mvoluntary passengers, 
and this is what we would expect. When the tcj ,p»,rature is high 
more insects hatch out, and more arc likely to be on the wing 
for the wind to bear aloft. Also at such times hot air-currents 
are more likely to take them up. 
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£f this transportation by the wind, with its consequence la 
many instances of dispersal to a considerable distance, is of 
biological importance to many species, as it seems that it must 
be, we Would expect them to have evolved adaptations to make 
it easier. This is true of some, though with the great majority 
their minute size is no doubt adaptation enough. A rather 
remarkable example is the lar'^a of the gipsy moth (Porthetria 
tUspar)., introduced from Euiopc into the United States, where 
sometimes it becomes a serious pest by defoliating trees. These 
caterpillars have been caught in traps on aeroplanes up to a 
height of 2,000 feet in sufficient numbers to show that their 
dispersal is brought about effectively by the wind They are 
covered with long hairs, u-)ually considered an adajnuiftn to 
make caterpillars unpalatable to birds, but with these gipsy 
moth larvae it appears that the effect is to make them so buoy- 
ant that they can remain aiibornc for long periods at a stretch. 
Another adaptation is that u^cd by many species of spider, 
which during the spidcrhng stage extrude filaments of silk 
from their bodies and are dispersed widely by ai]vcurn.rus. Itis 
this that gives us one of the most delightful sights of autumn, 
the long grasses iff a meadow gently heaving with a shimmering 
carpet of gossamci. 

But wc need not confine ouiselvts to inscas and spidcts, for 
it is now beginning to be rt ali/cd that drift disp a! hy the 
winds has plajed a pan of some importance m the d. !>u.ion 
of birds. A case m point is Darwin’s finches of the Viiiapagos 
Islands, cited in the chapter on evolution as an example of 
adaptive radiation. Thcso birds appear to be descended from 
an ancestral finch stock invading the islands, which may very 
well have been blowm ihiihcr by the wdnd. A much more recent 
example occurred in 1937, when fieldfares from noith-west 
Europe successfully colonized Greenland. 

While on the subjeen, of birds I cannot resist referring here to 
the common swift, though tlus has nothing to do with dispeisal. 
This familiar bird, hurtling with shrill screams ovci our 
diimney-pots from May to August, is most beautifully adapted 
not to be itself carried by the w'ind, but to take advantage of the 
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fiKrt that hordes of small insects are so carried and therelb]^ 
become an mq>ortant source of food. The swift probably comes 
nearer than any other creature towards making the sir its 
appropriate habitat. Airborne for the greater part of its life, it 
fe^ entirely on airborne insects, collecting them in dose-' 
packed balls in its mouth for its nestlings; gathers airborne 
materials for its nest; frequently mates on the wing, which is 
an achievement that can be credited, so far as we know, to no 
other bird; and so far as non-breeding yearlings arc concerned, 
even spends the whole night on the wing. 

2. Movements connected with food and with predators. These 
are the movements incidental to the lives of animals as members 
of their community, those necessitated by the urgent quest for 
food, and the equally urgent security, so far as that is possible, 
from predators. Because they arc essentially home movements, 
they have little bearing, if any, on dispersal. For that reason 
also they can be dealt with briefly since they have figured pro- 
minently already, bound up as they are with food-chains, 
niches, territories, with competition generally and the restric- 
tions imposed upon it. They figure also in cooperarion between 
members of the same species, that urge towards varying degrees 
of social integration, involving movement of flocks and herds, 
as well as those highly organized movements incidental to life 
in an in ect-colony. They have their place also in the behaviouat 
of animals, particularly n that phase of appetitive behaviour, as 
described in the last chapter, w'hen the animal goes in seardi of 
the relcascr which brings its reaction specific energy into play. 

All that need be added here is that these movements vary 
enormously according to the mobihty of fl'e animal and the ex- 
tent of its habitat. They vary m this respect all the way from the 
movements, if any, of a parasite in the gut of its host, and those 
concerned with its changeover from one host to another, to 
those prolonged and extensive movements in search of a ftesh 
supply of food that deserve to be called migrations. Interme- 
diate between these extremes, lies for instance the continual 
activity of small birds endeavouring to satisfy a brood of nest- 
lings. They would range for this purpose over that part of their 
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hibitat which they regard as their territory, and in many 
instances beyond its limits. Similar movements, but with a far 
greater range, arc those of a pair of gannets in a nesting colony, 
whose territory is no bigger than the immediate surroundings 
of the nest, but who glide on their great white wings over many 
ixiileb of ocean in their quest for fish. Movements amounting to 
migrations arc those of the caribou of the Canadian Arctic, 
Taking place seasonally m search of pasture, northwards towards 
the coast in the spring, southwards to upland grazing grounds 
in the autumn. 

3. Movements jor purpesei. This brings me to what in 

many ways arc the most intciesting, and often the n’ost sensa- 
tional, of all the rao\ emcnls of aiumals, those much studied 
migrations to and from a breeding station. Not all of them are 
sensational or extensive to a marked dcgice, including a*- they 
do the convergence ot birds ,uch as gannets, herring-gulls, 
terns, to form 0 nesting colony in the spring, or the congregation 
offish <-uch is ood at sp.nvning-grounds in the Nortli Sea, But 
it IS the far ranging migrations ol manv I'.inJs of bird, of one or 
two sea mammal'- and of one ver\ icinarkable fish, unneces- 
sarily far-ranging as so many of them seem, and still 'm- 
perfectly uudeistood, that must engage our attention here. 

One point emerges clearly, that these arc movements differ- 
ing from most of those already dealt with, m that they take 
animals far beyond the hmiis of one habitat into another and 
often cntirelv different one. \!C’hat lies ultimately behind it all is 
that a particular habitat becomes unsuitable for a part of the 
year, whereas another fulfils the requirements tlien becoming 
urgent. The result is a rmgration, becoming of such paramount 
importance for the species concerned that the mmiense hazards 
involved, the pitifully smormou*. mortality mevitable to the 
change, are nevertheless worth w’hilc. The time spent m the 
two habitats is often so nearly equal tliat il is difficult to say 
which of tlie two is the normal. 

As always, it is satisfying in the midst of so much that re- 
mains mysterious to find a general rule govermng these migra- 
tions; but again as always, there are notable exceptions. The 

238 



MOVEMENT AND DISPERSAL 

rule or tendency, which is perhaps a better word, is this: 
breeding during spring and summer takes place in high ladr 
tudes, far from the equator, while winter quarters are in lowet 
latitudes, those more nearly equatorial. This holds good for our 
summer migrants, coining to us to breed and making the returh 
iourney in the autumn to some part of the African continent, 
in many cases far to the south of the equator. It holds good for 
our winter migrants, like the fieldfare and the redwing, that 
breed in northern Scandinavia, travelling soutliwards to these 
islands on account of their milder winter. It holds good also for 
a mammal like the fur-seal which breeds in great colonies in the 
Pribilov Islands in the Bering Strait, and winters so far as the 
mature males are concerned m the Gulf of Alaska, a compara- 
tively short distance to the south, while the mature females 
and young pass the winter 3,000 miles away, off Southern 
California. 

These and many others, astonishing as their iourneys are, do 
what seems to us the reasonable thing, winter in a warm climate, 
breed in a colder one. But what are we to think of tlie almost in- 
credible iourney of the Arctic tern, which breeds far to the 
north, at no great distance from the North Bole, during the 
northern summer, then flics south along the whole length first 
of the North then of the South Atlantic, to pass the rest of the 
year on the pack-ice of tlic Antarctic ? Why travel half round 
the earth, from one pol ir region to the other, even though this 
means summer conditions, sucli as they arc, in both ? Wilson’s 
petrel reverses this procedure, travelling almost as far, for this 
bird breeds in the Antarctic and wmteis in the latitudes of 
Labrador and western Scotland. 

The story of the fresh-water eel, though the adjective is 
something of a misnomer, has been told frequently since the 
mystery of its brceduig habits was cleared up some fifty years 
ago, but it is a very wonderful story indeed and perhaps can be 
told once more. This common fish of our lakes and rivers 
spends quite a long adult hfe, up to as much as nineteen years 
for females and twelve for males, within the continental interior 
of Europe. At the end of this time a number of changes come 
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Ofer it Byes and nostrils enlarge, the snout becomes more 
{iointed, the general colour changes &om yellowish to silvery. 
Then die urge to travel masters it and it sets out on its joum^qr 
to the sea, often gliding for short distances overland across the 
wet grass from the enclosed waters of its home. Reaching the 
Atlantic, it embarks on the last and far the longest stage of its 
journey, out into the open sea and westwards, but somewhat 
isouth of west, as far as the Sargasso Sea, at least 3,000 miles 
away. Here the European cels are joined by those from North 
America. This journey to the breeding grounds takes some six 
months, and during this period it seems that no food is eaten. 
Here in the western Atlantic the eels breed, though nothing 
whatever is known of their breeding habits, or of what then 
happens to the parents. All wc know is that the lars’ae, still 
called Lepiocephalm as though they were of a different species, 
as was once believed, begin to travel eastwards in a journey 
which is even more extraordinary than that of the adults. For 
now the travellers arc flat, transparent, leaf-shaped creatures, 
no more than ten miUunetres in length, and yeirthc journey is 
as before. In their millions they set out, the North Atlantic Drift 
aiding them to some extent. By the time they reach the western 
coasts of Europe they have been three years on the way, and arc 
no longer Leptoccphalm larvae but elvers, and it is as elvers, 
some tlircc inches in length, that they enter the mouths of our 
rivers and make tlieir w'dv to far inland waters, where the cycle 
begins anew. 

These and other astonishing journeys, including those of 
migrating birds, pose a number of problems as yet very largely 
unanswered. What is their significance to the species con- 
cerned ? How have they come about ? What biological advan- 
tage do they confer, so that natural selection has perpetuated 
them in spite of the tremendous mortality inevitably taking toll ? 
What is it that gives these creatures ilie urge to travel at all, let 
alone to make such prodigious journeys ? Above all how do 
they find their way? Answers are tentative in the extreme, 
little more than informed guesses. To some of the questions 
there are no answers at all. As for biological advantage, beyond 
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realizing that cogent advantage must exist, we are almost com- 
pletely in the dark. With regard to some of the birds length of 
daylight seems important. It has been pointed out for instance 
that the feeding requirements of nestling warblers are so exact- 
ing that if breeding took place in equatorial latitudes, the parente 
simply would not find the time, during the short periods of 
daylight prevailing there, to satisfy their broods. So they prefer 
to breed in higher latitudes where, during the summer, day is 
far longer than night. This presupposes that birds resident 
round the equator are not faced with that problem. There is 
good reason on the other hand to suppose that light docs in- 
deed play a part of considerable importance with some birds, 
not because of the proportion of dayliglit hours to those of 
darkness, but because of the increasing intensity of light during 
tlic ,pring. It has been proved for example that some birds can 
he induced to migrate before the normal time by subjecting 
il vin to artificial light, and that this has a siimulating effect on 
file iipcning of tlieir sex-organs. This does much to explain the 
nature of the urge prompting the biids to migrate in the first 
place, but tells us nothing as to the advantage that migration 
brings. 

Some theories, such as the one just mentioned, can be 
proved or disproved. Others, because they are bound up with 
conditions that can never be reproduced, cannot, and as a result 
never advance beyond tl»e stage of enlightened speculation. Of 
these there are two that are highly ingenious, convincing up to a 
point and of special interest because they link up the migration 
of animals with major events in the history of Ae earth. Th^t 
possess in addition the very considerable nerit of going some 
way towards explaining not only how some of these migrations 
originated, but also how the travellers learn to find their way. 
One concerns eels, the other the north-south journeys of many 
birds. 

The chief weakness of the theory seeking to explain the otheiy 
wise inexplicable journey of the eels is that it presupposes the 
validity of another theory, that of continental drift. According 
to this, the continents were at one time clustered together and 
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bsve subsequendy drifted apart. The Atlantic, if it existed at 
all, was once no more than a comparatively narrow sea where, 
we may suppose, European eels had already established a tra- 
ditional breeding place. Then what is now North America 
began to drift very slowly westwards, taking with it the breed- 
ing place of the eels. The distance between the two continents 
lengthened over millions of years, so that adult eels migrating 
westwards on the one hand, and Leptocephalus larvae migrating 
eastwards on the other, were compelled to make longer and 
longer journeys, of the order in tlie beginning perhaps of a few 
score, now of some 3,000 miles. This theory is not so fantastic 
as it sounds, since the evidence in favour of continental drift is 
quite impressive, though it cannot be gone into here. As for the 
eels themselves, it explains how their migrations originated; 
and their ability to navigate, if their journeys were very slov. ly 
extended over millions of \car, and so became traditional and 
learned, even possibl}' hereditary, loses most of its mystery. 
But it would explain something else as well, and that is their 
very long larval stage, when gi,)wtii is extremity slow, par- 
alleled in no other kind offish and otherwise inexplicable. We 
might go so far as to conclude that the breeding behaviour of the 
eel lends support to the theoty of continental drift. 

This delightful tlicory, it should be made clear, applies only 
to the European eel a 7 ignillaK since no other of the 

five species of fresh-water cel makes lourner ^ of anything like 
the same Icngilr, The late Professor Leon Bcrtin however, m 
his monograph on eels, will have none of it, preferring to ex- 
plain these astonishing journeys as the result of the successive 
subsidence from west to east of a lost land-ma->s, a sort of 
Atlantis, on the sire of tlie picsenl Sargasso Sea. The European 
eels, he supposes, hreedmg m these warm coastal \vatcrs and 
migrating landwards to the fresh -waters needed for their adult 
phase, were forced to follow' tliis progressive west to east sub- 
sidence until it took them very slowly year after year some 
3,000 miles, to w’here the coastline of western Europe now lies. 

I confess to finding this explanation less convincing than the 
Other, particularly since the theory of continental drift has 
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recently received notable added support from the study of the 
magnetism of certain rocks. 

The north-south journeys of so many birds can conceivably 
be related to withdrawal of another kind and one that is fully 
authenticated, the withdrawal of the ice-sheets, probably the 
last at the end of the Ice Age. This, as we have seen, meant the 
slow northward march of a habitat well provided with trees, 
with insects and other food for birds, and one moreover which 
extended farther and farther into latitudes with a long summer 
day, giving abundant opportunity for feeding the importunate 
nesdings. Is it not possible, is it not indeed highly probable, 
that creatures as intelligent and as highly mobile as birds, or at 
any rate some of them, were capable of observing this interest- 
ing fact for themselves and of taking advantage of it ? These, 
rc'-idcnt originally all the ycai round in southerly latitudes, 
formed the habit of followmg the ice-shects year after year as 
diey retreated into a region very favourable for breeding, and 
having bred there during the spring and summer, made the 
return )OurncY m the autuimi ai the on-.ct of wintry conditions. 
Some would A'cnture furthei north than others. Some, on the 
other hand, would remain in their established home through- 
out the year. Tlie journeys of the migrants were repeated 
annually, and both the journeys and the ability' to navigate 
would become traditional by slow degrees, learned from their 
eiders in the case of young birds following their parents, heredi- 
tary perhaps in lime witli young birds travelling on their own. 
The theory of comsc falls far short of explaining all the migra- 
tory journeys of birds ; nor docs it explain the homing instincts 
of many birds. But it goes part of the way and explains much, 
although it can never be proved. 

An essential feature of tlicse and of many other migrations 
that do so much to excite our wonder, is that they are regular, 
normal and follow a prescribed route. From that it follows that 
they would seem to play litdc part in the dispersal of animals. If 
this should happen it would be in the course of these seasonal 
journeys, incidental to them, or perliaps accidental would be a 
more accurate term. Violent cross-winds, for example, could 
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and undoubtedly have blown lords &r out of their oourse» and 
this might result in dispersal, but such an event would be 
rare since, as we have seen, for birds to survive such treat- 
ment is one thing, to become established as a result quite 
another. 

The supreme mystery connected with these journeys is the 
method of .navigation used by the travellers. A great deal of 
ingenuity has been expended in the quest for an explanation. 
Alany not unreasonable theories have been propounded, not to 
mention a number of wild guesses. Some progress has been 
achieved, but not much. Rejecting the theory of continental 
drift as too far-fetched, we have not the remotest idea as to how 
adult eels find their way from the river-mouths of western 
Europe to their breeding ground in the Sargasso Sea, still less 
how the Leptocephalus larvae find theirs on the return journey, 
except in so far as the North Atlantic Drift carries them pas- 
sively, which is far from being a complete explanation. One 
suggestion is that it is a matter of detecting minute differences 
of salinity or of temperature. 

Similar ignorance has to be confessed with regard to another 
and very remarkable migration of this normal and regular kind 
not yet mentioned, that of many species of butterfly. These for 
the most part conform to the general rule of polewards in the 
spring, cquatorwards in the autumn. Since butterflies are such 
short-lived creatures it is not surprising to find that in most 
cases breeding takes place at the end of botli journeys. The 
European painted lady, for instance, breeds in North Africa 
during the winter, crosses tlie Mediterranean, flics north, and 
after a while begins to breed again, on occasions reaching as far 
north as Scotland, It is the butterflies hatching from the eggs 
hud near the northern end of the journey that set out on the 
return flight. On the other hand it is now known that individuals 
of the American monarch butterfly are capable of making simi- 
lar journeys in botli directions. A very strMng feature of butter- 
fly migrations is the astonishing steadfastness of dirertion kept 
up. There are records, for instance, of their flying through a 
window on one side of a house, and out through another on the 
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Opposite side; another of a swarm that flew up one wall of a 
house, aaross the roof, and down the other side. In America it 
has been noticed that monarch butterflies on migration rest in 
festooning swarms on the same tree year after year. One most 
mysterious incident is on record in which a swarm of the same 
species made a right-angled turn in the middle of a long inlet 
leading south from Lake Ontario, then corrected the deviation 
with another right-angled turn, and flew on over their original 
couise, all this for no apparent reason at all. How do migrating 
butterflies find their way ? Wc have no idea. It can be added 
that, m the opmion of a leading authority, wind direaion is of 
no significance. 

How do salmon find their way trora the sea to the mouths of 
the rivers m which they were hatched ? This is what happens in 
the normal course of events, for this splendid fish adopts a 
bieeding-proccdure opposite to that of the eel, making its way 
from the sea up rivers to spawn far inland in the headwaters, 
then returnmg to the sea. How do they recognize their home 
waters, particularly since three oi four years normally elapse 
between the fii st at rival of a j oung fish in the sea and its journey 
inland to spawn ? Wc have no idea. It appears though that the 
knowledge is learned and not hereditary, though that tells us 
nothing as to the nature of the knowledge. The conclusion that 
It IS a matter (.1 learning, and therefore of memory, wast 
stronglj suggested by an nitei cstmg experiment carried out on 
the Pacific Coast of Noith America. Eggs laid m one river were 
moved to another. The salmon that hatched from them were 
allowed to stay there until they wcic seveial months old, and 
were then marked and released. Four to fiv'C years later they 
were recaptured in every instance in the nver in which they had 
spent those first formative monihs, and not the one in which the 
eggs from which they wci e hatched had been laid. 

But it is birds that have attracted most attention, and it is 
among them that the beginnmgs of progress towards a solution 
have been made. The mystery has to some very slight extent 
been dissipated, even the mystery of how young birds, un- 
accompanied by their parents, find their way over long distances 
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which they have never traversed before. But this partial modifi- 
cation of mystery leaves wonder enhanced rather than impaired. 
It must be made clear, even at the cost of repetition, that the 
theory already described relatmg the journeys of birds to reces- 
sion of the ice-sheeis can go only part of the way towards 
solving the problem. Route-finding could m this way have 
become traditional, m winch event young birds would follow 
their elders who have cosoied the ground at least once before. 
But among many birds this does not happen, and in any case it 
seems likely that the art w ould have to be hereditaij if the facts 
are to be explamed. But this conclusion lakes us very little 
further, smee it fads to explam by what means this skill is 
exeiased. Farther than this, the theory about the icc-sheets has 
no value at all when applied to the unbelievable journeys of tlie 
Arctic tern and Wilson’s p tt * 1 , and even Icst to tliat of the 
sohtary Manx shcat\\al>-r si hcc in Boston, Massachusetts, to 
fly unerringly across the Atlanuc to its nestmg-holc on the 
island of Skokholm off the coast of Pembrokeshire 

One theory oi navigation after another has had to be aban- 
doned - recognition ol landmarks, response to the earth’s 
magnetic field, responst to obscure forces connected with the 
rotation of the taith Recent investigations tend tow aids the 
conclusion, and that is about as strongly as w i can put it, that a 
bird becomes awaic of >ts position with refeience to that of its 
home in essentially the same way as human navigators do b> 
means of quite complicated calculations. Buds use it i be- 
lieved, the principle of sun-navigation, astonishing as this ma} 
seem, awaic w'hether they arc to the norlli or south of theur 
home by rcalizmg the difleience m the height of the sun when 
at the zemth, as between their new position and their home. 
They need also to know w'hethci they arc to the cast oi to the 
west of home, and this is made possible because thej possess 
some qmte obscuiely understood mteinal timing mcchamsm 
which they u' e m essentially the same way as the navigator of a 
ship who has a chionometer keeping Greenwich time. 

4. Migration caused by overcrozoding. That leaves the fourth 
and last typa of movement, that brought about by the fact that 
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conditions in the normal habitat have become intolerable 
because of an excessive increase in numbers. The result is an 
overmastering urge to get on the move, a condition in some 
instances bordering on hysteria, in which what appears to be a 
blindly-direaed emigration takes place, leading to a very heavy 
mortality among the migrants. It will occur to the reader to 
connect these catastrophic increase.', in numbers with those 
rhythmic fluctuations discussed c.arlicr, and migration will then 
appear as a sort of safety-valve by which surplus population 
can be got rid of. ’fhis is what it appears to be, though not all 
rhythmically increasing species relieve the piessure of numbers 
in this way. Where this docs happen, it must have some advan- 
tage to the species, in spite of the gieai numbers i)f the migrants 
that perish on every occasion. We can only suppose that if they 
stayed wdicrc they were an even larger number would die. Mass 
emigration doei at least give a few of these creatures the chance 
of fitiding a new home, and it appears be true that dispersal 
to a limited extent has been known to result. 

By far the be.it know n example of these mass emigrations is 
that of the Norwegian lemming, a small guinea-pig-like creature 
imng in the mountains of Southern Norw^ay, as well as farther 
north in a similar habitat at sea-level. Their sensational emigra- 
tions take place at about four-year intervals, and the first 
account of one of them was published in the sixteenth century, 
when it was believed that they had fallen from the sky. When 
the urge lakes them they move in hordes from the mountains 
towards lower levels, wrought up to an astonishing pitch of 
excitement, pugnacious to an extent unknown to their normal 
existence. They frequently swim rivers ;.nd thousands are 
eventually drowned in the scu. There is (jnc account of a ship 
steaming fur a quarter of an hour through a great flotilla of 
swimming lemmings. 

There are many other examples of ma-)S emigrations, of 
periodic irruptions, mto fresh habitats. Some birds arc affected, 
for example Pallas’s sand-grouse, a bird of the dry steppes of 
eastern Europe and central Asia. The crossbill and the wax- 
wing are two more, and firora among the migrating flocks of all 
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ibree of diese, strag^ers have been koown to reach the British 
Isles, but no real dispersal comes about. Pallas’s sand-^ouse 
and waxwings remain as rare stragglers so far as the list of 
British birds is concerned, while if the status of the crossbill is 
somewhat higher than tins, no permanent increase in their 
numbers takes place. Among mseas one example is only too 
well known and of immense eoftnomic importance, that of the 
locust. 

The ultimate cause of ovei crowding in these and other 
instances is of course the natural fecundity of the ammals con- 
cerned, which for some reason has not been checked by normal 
methods. As soon as a certain pitch is reached, they either stay 
where they are and die off in vast numbers, or relieve the situa- 
tion, at least so far as those that stay behmd arc concerned, by 
mass emigration. What we need to know is the precise reason 
that makes the situation no longer tolerable, and that is what 
we do not know ^^^th anj exactness. One thing seems certam, 
that there is no one ica^on to explain all these periodic move- 
ments. In some cases, as v ith a bird like the crosSbill, it seems 
to be food shortage pure and simple, smee these birds have a 
specialized diet. They live on the seeds of conifers, of which the 
crop varies considerably from year to year. With Icmmmgs and 
other rodents it is more likely to be a shock disease caused by 
the pressure of individuals upon one another. Competition not 
only for food, but .ilso for cover and perhaps territories, is 
enormously stimulated. All this leads to a steadily mounting 
stress through the whole population. Tlus appears to affect 
certain glands into a condition of morbid activity with patho- 
logical consequences m the blood-stream, of which one is an 
abnormally low* sugar-content. It is leasonablc to suppose that 
it is this which causes the hyncrical excitement and unwonted 
pugnacity among migiating lemmings. Shock disease of thi, 
kind has been noticed also among snowshoc hares m the 
Canadian tundia. 

I brmg this chapter to an end with a summarized account of 
a theory which may well go a long way towards presiding an 
answer to the problems referred to in ^e last few paragraphs. 
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Its audiKir is the Swedish ornithologist Dr Gtitmar Svardsoo> 
and it was set out in detail in British Birds, August 1957. 
subject of the paper is the so-called invasion-type of nugraiioa 
displayed by several kinds of bird inhabiting the great belt of 
mainly coniferous forest that stretches from Norway and 
Sweden across Finland, northern Russia and Siberia, dear to 
the Pacific, though Dr Svardson is concerned only with its 
western, Scandinavian end. I have referred briefly to these 
invasions already when dealing with the irruptions of crossbills 
and waxwings into the British Isles, and it is important to dis- 
tinguish between these periodic and apparently irregular move- 
ments, and those regular, seasonal, micc-ycarly journeys to and 
from a distant brceding-giound which we usually think of 
under the heading of migration. 

The reason for these periodic invasions is shortage of food, 
which for these and other birds, as well as for some small 
mammals, consists to a very considerable extent of spruce 
seeds, pu.duced in prodigious quantities over tliis gtcat natural 
region. The birds, depending to an extent varying with the 
species on the supply of these seeds, are forced to migiate when 
a shortage occurs in one particular part of the forest belt, and 
to keep moving until they come upon a sufficiently rich supply 
in some other part. The result is a very noticeable increase in 
the numbers of one or more kinds of bird, an invasion from the 
point of view of an observer in one of these periodically 
favoured regions. 

The first unportant point brought out by Dr Svardson is that 
the Norway Spruce of the Scandinavian forest, particularly 
that of southern Sweden, shows a marked periodicity in its 
crop of cones, a peak with a heavy crop appearing every third or 
fourth year. The primary cause of this rhythmic fruiting is 
believed to be a high temperature during the early summer, as a 
result of which buds bring forth flowers rather than leaf-shoots. 
The flower-buds develop into cones throughout the late sum- 
mer and autumn, so that by the onset of winter a rich supply of 
food is available to the birds just when they need it most. 
Following upon one of these peak cone-years, the trees need up - 
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to three years of normal or sub-normal fruiting, as though the 
effort had tired them and they need an mterlude for recupera- 
tion. Evidence is provided for concluding That this rhythm of 
seed production applies not only to spruce-trees, but also to 
birch, oak, and bccch; further that as regards these four, m 
southern Sweden m particular, the peaks tend to occur m the 
same year. Pmc-trecs on the oth^i hand aieoutof step with the 
rest because then cones take two 3'ears to mature. Yet agam it 
is highly piobable, though not yet fully authenticated, that 
similar rhythmical fruiting applies to shiubs such as whortle- 
berry and 1 1 ow bet ry. 

The second nia)or factor is that birds such as crossbills, red- 
polls, and siskins depend to a t ery large extent on spruce seeds, 
both for themselves as adults and when they aic feeding their 
young Nuthatches, maish-iitj, and gicatcr spotted wood- 
peckers feed at least paitly on spruce ecus and bramblmgs 
almost entirely ( n becchmast. There ar,. many othtis as well. 
Game birds, such as blatk grouse, willov giouse, and ptarmi- 
gan feed on the beiries of low-gi owing shiubsj rccF'-quincls on 
spruce seeds, and small ground-living lodents also ( n spiiice 
seeds after lh<.y have fallen to the ground. It seems thfrefoie 
that there can be lew kinds of bird 01 of ,mall mammal, living 
both in the foicst and m the mountains above, wheic willow 
and bitch arc the eharacknsne tiees who'.c lives are not vnally 
influenced by this ihythmie variation in food supply. Nci must 
the predatots on these sced-watets be forgotten, taknig theu 
place m two impoitant food-chains, cnc operating by day, the 
other by night, in the mannci I have already desciibed Spruce 
seeds are the food of red squurels, while red squinels arc the 
food of buzzards, goshawks, and particularly pme-martens. 
Spruce seeds once more are the food of small lodenis, while the 
same lodents go far to keep alive at least three different kinds 
of owl. 

Here then is a sinking foiest phenomenon to winch nearly 
all the inhabitants must in some w'ay adapt themaclvos. It 
seems that there aie in the main two distinct adaptations. The 
first IS these invasion migrations, abandomng a region of 
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scarcity for one in which plenty for the time being prevails, and 
it applies to some forty species of bird, which in this way have 
adapted themselves to the fluctuating fruit production of the 
trees. But, as so often happens, adaptation is mutual, and it is 
reasonable to make out that the trees have adapted themselves 
to their despoilers, to this host of voracious seed-eaters which, 
if not discouraged periodically by lean years between those of 
plenty, might go far to^vards bringing about tltc extmaion of 
the trees. These invasion migrations over the vast extent of the 
northern coniferous forest, mainly it is to be supposed in 
easterly or westerly directions, are practicable only for winged 
or otherwise fairly mobile crcatuics. They may perhaps be the 
explanation of the famous mass-nugration of the Norwegian 
lemming. The other adaptation apphes to the small ground- 
dwelbng rodents, mice of moic than one kind, by comparison 
handicapped. No mass migrations for them. Their response is 
simple and catastrophic. They just die olFin enormous numbers 
during the worst ycar^, hugely multiplying to a corresponding 
extent in times of plenty. It is the first of these adaptations that 
Dr Svardson is concerned with in this paper; but it seems likely 
that his theory can embrace also tltose othenvise unaccountable 
population cycles with a four-year rhythm to which so many 
small northern mammals are subject. These have been men- 
tioned under the heading of migration brought about proxi- 
matcly by overcrowding. 

To sum up it should now be clear that the great merit of this 
highly interesting theor}* is that U hnlo into a single intricate 
ecological complex three major phenomena hitherto considered 
separately. These are in the first place the rh;; thmical fruiting of 
many, if not most, perennial plants in the zone of the northern 
coniferous forest; secondly, the population cycles of many 
s mall ma mmals in the -.amc zone; tlurdly, the invasion type of 
migration displayed by some forty species of its birds. It would 
hardly be possible to find a better example of the umty of the 
natural world, of tlie way m which all forms of life, both plant 
and animal , are bound to one another by intimate and complex 
des. 
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That is one relBectton to whidi this theory gives rise, but 
there is another hardly less important. This concerns what we 
are so inch'ned to call the prodigious wastefulness of nature. I 
have written about this already and make no apology for 
referring to it once more. We Aink on the one hand of the 
astronomical production in the sea of ova, sperms, fertilized 
eggs, and larvae, and are sometimes appalled by the thought 
that an infinitesimal proportion is ever fertilized in the case of 
ova, or ever grows to maturity where larvae are concerned. We 
think also, more directly m this instance, of the corresponding 
millions of spruce seeds, oi the seeds of other trees, and shrubs, 
of the spores of ferns and of fungi that the great northern forests 
bring forth year after year, 'fhat too seems to be waste on an 
intimidating scale. But the theory I have outlined makes clear 
that the bringing forth of all these ho,ts of embryonic living 
entities serves not one puipuse but two. I hc primary purpose 
18 to ensure the propagation of the species they represent, as is 
so abundantly testified by the persi'-tence of hving things over 
countless generations, for hundreds of millions eff 3’ears. It is 
achieved by the liberation of an enorinou-. surplus, a surplus 
that perishes beyond question, but in perishing provides an 
incalculable reserve of nourishment so that other organisms 
may live. 
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COLOUR AND PATTERN 

Glory be to God for dappled things - 
For skies of couple-colour os a bunded cow; 

For rose-moles all in stipple upon trout that ^wim; 

Fresh fire-coal chestnut-falls; finches’ wings; 

Landscape plotted and pieced - fold, fallow, and plough. 

Gerard Manley Hopkins. Tied Beauty’ 


Onf more major example of the dependence of animals on 
their Habitat remains. This is an ecological principle of con- 
siderable importance, an aspect of animal behaviour, using that 
phrase m its widest sense. It Units up also witli the subject of 
movement, but inversely, since here it is absence of movement 
that counts. As I hope we have abundantly seen, animals group- 
ing themselves into communities consisting of various species, 
are themselves a part of their habitat which must be thought of 
in relation to them, this relationship being of so intimate a 
nature that we can scarcely have the one without the other. But 
it is reasonable to think of the habitat in another way, as the 
background, constantly and slowlv changing, to the Uves of its 
animal inhabitants. It is the dependence of animals on this 
background of theirs that 1 am concerned with now. 

Travellers in the equatorial forest have frequently commen- 
ted on the silence and the lack of movement, 'uring the daytime 
at any rate, among the great trees and tlie festooning lianas. 
They find it difficult to beUeve, except at rather rare intervals, 
that the forest really does teem with animal Ufe, The same is 
true of the coniferous forests of the northern hemisphere. You 
may walk all day along some logging trail without becoming 
aware of the presence of animals, except for the occasional note 
of a bird or the hum of inseas. The larger animals avoid draw- 
ing attention to themselves so successfuUy that you are mudt 
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Ifldined to doubt their existence. In the open country of grass- 
land and desert things are rather different because of the wide 
vistas. In the African savanna we may still see many of the most 
superb livmg creatures m the world wandering m herds. But 
they, and still more the few solitary ones, do not stand out 
against their background. The watcher has to use his eyes to 
some purpose. Much the same is true even of our Trimmed and 
parcelled countryside here at home. 

Much of this is accounted for, during the daytime when eve- 
sight comes into its own, bv the fact that most of tlie smaller 
creatures have hidden themselves away below ground, under 
stones, or in the heait of thick cov’ei. Tliey are adepts at con- 
cealment in all sorts of ways. But this is far from explaining aU. 
The rest is this remaimng form of dependence on habitat, the 
fact that most animals have evolved a <-chcme of colour and 
pattern which imparts concealment c\cn when nothing inter- 
venes between them and tlie eve of the beholder. We call it 
protective resemblance oi camouflage, and it is a principle so 
varied and so widespread, on occasions involvmgvmnute detail, 
that It deserves to be thought of a‘ an important a^'pect of 
ecology in its own right. As such it has received a gieat deal of 
attention. Books were wiitten about it and conclusions come to 
many years before ccologv vvas thought of, when tlie relation- 
ship between animals and llieir enviionment, except m tins one 
respect, w’as for the most part ignored, for this there was good 
reason. It is nov\’ over a hundred ycar^ since the publication of 
Darwm’s The On^m of Spans set naturalists agog with excite- 
ment at the tliought of evohiuon, and encouraged them to look 
everywhere foi evidence of the operation of natural selection. 
Protective resemblance was one of the more noticeable forms 
taken by this evidence, and so it \v as inevitable that much should 
be made of it. 

We lealize now that too much attention was given to it, but 
the validity of the principle icmains unshaken. The attitude of 
many of the earlier naturalists was altogether too subjective, 
since clearly the whole thing rests on the assumption that if 
predators are deceived by the icsemblance of prey to back- 
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ground, those predators must see colour and pattern as we sec 
them. We cannot borrow the eyes of hunting animals and so 
prove whether or not they arc taken in. The higher animals pro- 
bably ha ve vision akin to our o wn, but certainty can be arrived at 
only by experiment. In a great number of instances this has 
been done, but that is no reason for applying the principle 
universally. There arc for instance many animals which use 
scent and hearing rather than sight when they hunt. These are 
the mght-himters, most carnivorous mammals and some birds. 
Against them protective resemblance seems of doubtful value. 
1 leturn to this point at the end of the present chapter. In 
addition to this there are some animals tliat citlier always, or at 
some period durmg their Uves, flaunt themselves as outstanding 
exceptions to any general rule of camouflage. They seem to go 
out of their way to make themselves as conspicuous as possible. 
The cailiei investigators did not fail to take them, or some of 
tiiem, into account. They were made out to be exceptions that 
helped to prove the rule, and many of tlie explanations put 
forwaid then have stood the test of time. They will be consi- 
dered later in this chapter. But we know much more today 
about till'' occasional flauntmg of fine feathers; know for in- 
stance, as I hope has become clear, that much of it has to do with 
courtship, with rivalry between males of the same species, and 
with thO'C sensory icleascrs calling instinctive actions into 
play 

But for all this the evidence in fat oui of protective coloration 
IS far too impressive, both ni a geneial and in a particular sense, 
to be Ignored. It is in fact impressive enough, especially where 
resemblance has a detailed faithfulness, to b ’ used as a cogent 
argument in favour of the efficiency of natural selection. 
Countless examples of detailed lesemblance to background 
make no sense in any other context. Some of the evidence can 
now be leviewcd, and a distinction can be made between 
camouflage of a general and ol a special kind, though it is not 
easy to separate the two on every occasion. 
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General camouflage 

By this is meant resemblance not to a circumscribed part of the 
background, but to the background generally. It applies there^ 
fMe to the larger, mobile animals that range over a habitat of 
wide extent. This is far from li^eaning that mobility confers 
concealment. On the contrary it is of the first importance to 
realize that movement, camouflage or no camouflage, means 
betrayal. Protective resemblance and stillness go hand in hand. 
What is meant is that an animal camouflaged in this general 
sense can depend on remaining concealed against a background 
more or less uniform and stretching over a wide area, provided 
that when concealment is called for it keeps still. One of the 
commoner forms of this general camouflage is that known as 
counter-shading, practised widely among the larger animals 
both on land and in the sea. The comparatively few furry or 
hairy animals of a uniform tone all over are mostly nocturnal. 
In the rest the tendency is for the upper parts to be relatively 
dark, the lower pale, while the flanks merge in this respect from 
above downwards. The result is to produce an illusion of 
uniformity, so that the creature blonds with its background. 
The effect counteracts that produced by light from above, 
since this, in the absence of counter-shading, would make the 
animal conspicuous, its underside appe.srii ig dai ker than its back. 

This form of general camouflage is found commonly in crea- 
tures of an open grassland environment, and may well be 
valuable in the half-light of dusk and dawn. In the sea tlie same 
arrangement becomes doubly useful, for the sea is a three- 
dimensional world, so that many fish need concealment when 
seen both from above and from below. Counter-shading gives 
them this concealment, the dark upper parts causing them to 
merge into the sombre background of the sea-floor, while the 
pale belly docs die same with respect to the lighter upper levels. 
Exceptions to rules arc always interesting and frequently dis- 
concerting, but there is one kind which can always be welcomed 
with oathusiasm and that is the kind of exception which goes 
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Isur to’wards intiiving a ntte. Coonter-shading gives us at least 
one notable example. The common water boatman (Notonecta) 
of our ponds and still waters is coloured contrary to the counter- 
shading rule, pale brown above, dark almost black on the under- 
surface. The reason for this bold nonconformity is simple. The 
creatuie habitually swims on its back. 

Another type of camouflage is caused by stripe > and blotches 
which help to deceive the tje by breakmg up the general out- 
line of the body, a device resorted to on a large stale by nations 
in wartime and applied to tents, factories, and ships This is 
known as disruptive patteimng, and becomes important for 
mstance for zebras grazing or slowly on the move at dusk or 
dawn. It docs the same for deer, whose beauutully spotted or 
dappled coats provide most cflicient concealment m dense 
forest, where sunlight penetrates the canopy of foliage in flecks 
and beams of radiance. A third device, perhaps the m<ist general 
of all, IS that given by colour haimony Desert ammals, with 
some notable exceptions, tend to be desert-coloured Many of 
the tur-bearing animals of the Aictic tundra assume a winter 
garment of white. Among the most gaudily coloured creatures 
in the world arc the fishes of coral reefs and they need to be, 
smee thev move perpetuallv against a background glorious with 
colour, W'hert sobriety of hue would make them glanngly con- 
spicuous Finally with most of the larger ammals the thing that 
tends to betray then presem e is their shadow, and this can be 
counteracted to a great extent if the) take up a crouching atti- 
tude, close-pressed to the ground. 

These arc ihc more impoiiant of the gen, ral devices that 
natural selection has bi ought into prominencf in the course of 
evolution, and the) serve the mtcrests of both prey and preda- 
tor. Camouflage it is permissible, if conjectural, to suppose was 
first used to protect otherwise helpless creatures from being 
devoured. But from the point of view of the species it would 
not do for concealment to become complete, since as we have 
seen the predator has its place in the scheme of things even ftom 
the point of view of me prey So the leopard learned the useful- 
ness of a spotted hide as well as the antelope on which he preys, 
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and that other great cat, the Asiatic tiger, acquired his stripes 
which served him well during his stealthy approach against a 
background of tall grass similarly patterned with stripes of sun- 
light and shadow. On the whole though it must be true that 
camouflage benefits prey rather than predators, most of whom, 
though not all, are required to move. 


Speciali:^ed camouflage 

Perhaps it is the innumerable examples of specialized camou- 
flage that are the more interesting, so numerous and sometimes 
so exquisitely exact that they, more than the general devices, 
give us all the evidence we need for accepting the principle of 
protective coloration. This is the concern on the whole of the 
smaller animals, those that have little need for movement, whose 
lives at any one of their stages arc circumscribed within the 
limits of a single tree, even of a single leaf. It is frequently of 
immense importance for many animals that do not move at all. 
Camouflage of this kind is found in all latitudet and in every 
kind of habitat, practised by citizens of almost all the provinces 
of the animal kingdom. 

ON L AND . Among birds wc find the widest dilferencc between 
the coloration of the sexes, or none at all, but where the two are 
sharply marked off from one another it is usual for the cock to 
wear fine feathers, while the hen is soberly clad. The splendour 
of the cocks has been favoured by natural selection for reasons 
sufficiently important for the advantage of concealment to be 
overborne by considerations of courtship, rivalry between 
males, tlie maintenance of territories, and the giving out of 
relcasers dcterminmg behaviour. xAmong many birds that nest 
on the ground concealment may be what comits most where the 
hens are concerned, since they are particularly vulnerable to 
predators while brooduig the eggs. So we find cryptic colora- 
tion among hen-pheasants and among ducks as opposed to 
drakes. 

But it is to insects that we must go to find masterpieces of the 
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ut. Very many butterflies, for instance, are gaudy in the ex- 
reme, but usually it is the upper surfaces of the wmgs that are 
|lonous with colour, while the lower have a mottled sobnety. It 
s the common, though not invariable, practice among butter- 
3ies to raisfc and clasp their wmg> together over their backs 
«hen they ahght, with the result that the sober undeiside is 
exposed to view and often blends with the background. The 
familiar red admiral and the small tortoiseshell are examples. 
By far the most remaikablc mstance of this device is the Indian 
leaf butterfly, the upper surface of whose wmgs is enriched with 
purple and orange. But the wing as a whole is shaped like a leaf 
and the underside is coloured a dead brown Resemblance is 
far from ending there. Down the centre is a dark line reproduc- 
ing the mid-rib, while the lower wing ends in a pro)ection 
coi responding to the stalk More remarkable still, the lower 
surface bears discoloured blotches indistinguishable from those 
caused in a leaf by decay 

Moths, on the othei hand, when alighting usually lower their 
wings parallel to the bodv, the upper ones cocciing the lower. 
Corresponding to this habit is the fact that m many species the 
upper wing is drably marked, while the lower has cither the 
whole suilace oi a single conspicuous ‘eye’ of some bright 
colour (Plates iiaand bl Moths frequently rest durmg the 
daytime on hchcn-covercd tree-trunks, and when thus resting 
aie often almost impossible 'o detect against that background 
Tlate 12a) 

Protective resemblance is by no means confmed to the adult 
stage t^Plate tad) There arc, tor example, ca'erpillais whicii 
move by a looping action, but have formed the habit of gripping 
a stem with claspers at the rcai end of their bodies and of 
holding themselves erect at an angle in such a way that m 
colour, attitude, and markings they are scatcely to be distin- 
guished Irom twigs. This frozen stance may be kept up for 
hours at a tunc, since feeding is done at mght. The caterpillar 
of the waved umber is a good example, so is that of the pep- 
pered moth, which provides also such a striking example of 
mdustrial melanism (see page 182). 
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is by no means untmown for the same insect to camoofl^ 
itself in a different way during different stages of its metamor- 
^osis, and there is at least one example of a British insect that 
adjusts itself to its background m two different ways durmg its 
larval stage. To take the second of these first, the larvae of the 
large emerald moth hatch in late summer and hibernate on the 
bare twigs of birch trees. At th^s stage they are reddish brown 
with a few green markings, harmomzing admirably with brown 
twigs. In the spring when they rouse themselves, the green 
markmgs steadily become more pronounced until green is the 
dmninant tint and harmony is once more achieved, this time 
with the background of fresh young leaves. As an example of an 
insect using two entirely different devices at different stages of 
its metamorphosis, a small beetle may he cited. This is a weevil 
of the genus Cronus found commonly on figwort grow mg along 
the banks of nveis. The adult is little moic than a quarter of an 
inch m width, and like all wccmIs has a long snout. Wnen dis- 
turbed It tucks its snout undt r itself and drops to the ground, or 
to a leaf lower down on the plan»^ Ileie it remaifls motnmlcss 
and resembles quite clos'ly die dioppmg of some small bud. 
During the laival stage Cionus seems to disdain protective 
resemblance, it is impossible to suggest why, but makes up tor 
this by resortmg to it agam duiing the pupal stage. This is 
undergone within a thimble-shap^d, papciy cocoon attached 
near the summit of the figwoii plant, where its resemblance to 
the seed-capsules is quite striking. 

IN 1 HE SEA. In the sea opportunities for ayplic coloration are 
as numerous as on land Piawms m a lock-pooJ aie sand- 
colouied m so tar as they arc coloured at all, and m addition to 
that are semi-transparcnl , so that we seldom catch sight of them 
until they whisk out of sight into the cover of a tuft of weed. 
A beautitul anemone with a very truncated stalk, known as the 
dahlia, has thick fleshy tentacles and has formed the habit of 
disguismg Itself with grams of sand until it becomes almost a 
part of Its background. As such it can fulfil the more surely its 
ffmetion as a deadly predator. The sea-hare (Aplysta) is a 
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tnoUu&c with a reduced internal shell, little more than a 
I'cstige, and wears on its back sail-like outgrowths with a 
lJ'KC resemblance to fronds of seaweed. But this is no more 
than a beginning, for Aplysta is a master of the art of 
camouflage, able to adapt itself to more than one kind of 
background. It could be cited also as an example ot a creature 
that migrates seasonally ft'r breeding pui poses, iicginnmg 
life in offshore waters, it comes inshore to spawn, and in the 
course of this journey, when traversing patches cf weed diffcr- 
.ng m their prevailing colour, it changes its own colour to 
correspond. 

But this IS to describe the process too simply Closer e.\ami- 
nation of the responsiveness of Aph'SKi to colour brings to light 
a most interesting fact. It appeals that the change in colour 
Irom one weed-patch to the next is compaiatively slight, begm- 
ning when the sea-hares are at an eai stage of development 
with losy red and against weed of the same colour, then gradua- 
ting shorewaids thiougb tints progressivelv darkci to the ohve- 
brown of the wracks that flout ish in the ^oneneai the limit of 
low spring tides. Young sea-barcs have been rcaicd under 
laboratory conditions, and u was then found that even when 
kept amongst weed all of one colour, ihcy still went through the 
colour-changes appropiiatc to their inshore migration. This 
scorns to mean that the yourg sea-hare, having first undergone 
a sLght change of colour, moves inshoro in search of weed of a 
colour matchmg its own. In other words the migration of these 
creatures is deeply influenced, if not brought about, by the 
colour of Its food. 

An even more advanced practiiionei of the c:t of camouflage 
IS the spider-crab (Macropodia louratuh), for this remarkable 
crustacean brings into play what looks uncannily like intelli- 
gence. It IS a spindle-legged, exceedingly angular creature and 
Its carapace is covered with hooked pioiertions which it uses 
to deck Itself protectively with wisps of seaweed. In domg so 
It shows quite startling discnimnation, for experiments have 
proved that a spider-crab already festooned say with reddish 
weed, if moved to a background of green weed, will set to work 
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removing the red weed and donning the green. Deprived of 
weed of any sort, but supplied with sand-grams and small 
pebbles, it will do what it can to disguise itself with these. This 
of course is not really intelligence, and it is doubtful if it can be 
classed even as learned behaviour The action must be innate, 
instinctive, tarried out presumably in response to a visual 
stimulus given out by the w^ed, and less certainly, where all i, 
cloaked m uncertainty, by the shape and hardness of sand- 
grains. 

The Sargasso Sea, famous as the breeding-plate of the Euro- 
pean and North American etl, is also a noted school of camou- 
flage. The sargassum weed that floats there has deeply notched 
fronds and branched stems, bearing fruUing-bodies ; while tht 
fish, ciusfaceaiis, and worms that pass their lives th^rc, it is 
perhaps not surprising to leain, aic correspondingly flounced, 
firilled, and notched Apart from this they are spotted here and 
there as though encrusted v ith marine giowths like the weed, 
and wear the same yellow-brown In cry of their gencial back- 
ground. So successful aic they in this mtinfarc and detailed 
correspondence that it is necessaiy to shake them out of a tuft 
of weed before their presence can become known The 
sargassum fish \Praophi vwt), for instance, not only has deeply 
notched hits but a number of trilled protuberances and wccdy 
filaments of i aiious si/cs all ovei its body, all entirclv funs tion- 
less except as additional camouflage As well as this its general 
ochreous ‘ argassum’ coloiation v- broken up into blotches and 
circles, all adding to the same effect 

Yet another example of camouflage among marine animals 
brings out a special icfmement of the art, smcc it is a case of 
disguising not the whole body, but one vital part In Pacific 
coral iccfs theie lives a fish called the tour-eve, of the genus 
Chaetodon. It possesses of course only two of these oigans, but 
they are camouflaged by a daik vertical stripe passing above and 
below'. But that is not enough The attention of an enemy must 
also be distracted from these vital organs, so the other two ‘ eyes ’ 
are false, mere spots conspicuously black and white and placed 
near the base of the tad. The illusion is enhanced by the fact 
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that the fish normally swims slowly tail first, but when 
alarmed darts to cover head first. 

THE SUPREME PRACTITIONER. Thc most skilled refinement 
in the art of camouflage appears when resemblance, firom being 
merely passive, becomes active, when in other words the animal 
has the power of changing its colour of its own volition, as the 
occasion demands. Wc have seen something of this supreme 
achievement already and in two diflerent wayc, as shown by 
Aply^la and thc spider-crab, MucropaJia^ ?nd there arc many 
others. The land-dvvellmg chameleon has earned a fame that 
has become pioverbial where this is concerned, but there is a 
creature of thc sea that ha*' developed the art of selt-induced 
colour-change to such a pitch that the chameleon figures by 
comparison as a novice. This is the cuttlefish {Septa officinaIis)yZ 
member of the order of molluscs (cephalopods ) to which the octo- 
pus and the squid also belong. Thc following at count is taken from 
DrA.C. Hardy’s Thc Open Sea. A word or two frst as to the 
mechanism employed. Sepia possesses all over us body tiny 
cells of pigment arranged in layers one below the other, each 
layer corresponding to a different coloui , the outer one yellow, 
the middle orange-red, and the third dark brown or almost 
black. Each cell is like a minute bag containing its appropriate 
colour, and each is conirollcd by strands of muscle radiating 
outwards. By means of these muscles the bags of colour can be 
contracted to pm-points or expanded to an appreciable patch, 
and thc creature can control the expansion and contraction of 
thc bags either of one coloui -layer only oi of two or more in 
conjunction. In this way it becomes on thc v-nc hand umformly 
yellow, red, or almost black; while on the other it achieves 
subtle combinations of two or of all three, so that alternating 
waves of colour pulse and waver over the whole surface of its 
body, w'hethcr umformly spread or as patterns of bars and 
stripes. By contracting all thc cells in these three layers it 
becomes pure white, for then yet another layer, this time of 
white rigid cells on a lower level than thc other layers, comes 
into play. 
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What does all this mean? It means tiiat Sepia is not only a 
master at adapting itself to badtgroonds of various colours, but 
tite It practises as well several distinct variations ofcamouflagv. 
induding those I have already described. Thus a pattern ot 
stripes radiatmg out from a wide bar of dark brown is a good 
example of camouflage of the disruptive kmd, lending to bri.ak 
tq;) the outlme of the body. Agam because the general colcur- 
schme at all stages is one of dark tones above and lightei oni >• 
below. It exemplifies counter-shadmg as well. Response to th • 
colour of various backgrounds is extremely quick, for the ex- 
pansion of the cells has been timed, and full expansion fiom the 
pin-pomt stage takes considerably less than a second As for 
variety of lesponsc, experiments in an aquarium have brought 
out an extraordinary degree of skill A cuttlefish in a daik 
aquanum is of course correspondmgly dark, but place a tile of 
while porcelain beside it and it will repioduce the outline of the 
tile as a white rectangle m the middle of its back. When th, 
creature is disturbed by touching it, or by some violent agita- 
tion in Its field of vision, it responds with a ^hole scries ol 
changes. Spots and longitudmal stupes appear, together vith 
colour-changes so quick as to be bewildering. All this time the 
creature is dotting furiously from place to place If the teasing 
contmues, it responds with its last resource, that of the smoke- 
screen, and It shoots out a cloud of ink, behind which it takes 
refuge. When on tlic other hand Septa is sulky and disindmed to 
move, a change appears not of coloui only, but of shape as well 
From being oval it swells itself out to a circular outline, in- 
creasing also m thickness At the same time the eyes dilate to 
glarmg protuberances. Black spots appear on a body otherwise 
white, 01 a black rim encircles the white body This of course 
IS not camouflage, but us opposite, the assumption of a 
conspicuous appearance calculated to inspire awe, if not 
terror. 

It must be made clear tliat these changes of colour have at 
tunes a purpose other than escape from predators, or to operate 
With more deadly eflect as a predator itself on the ciabs that are 
its chief food. In the mating season a zebra-hke pattern of 
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alternating white and purple bars becomes its nuptial livery. 
This acts as a releaser, inducing belligerency in other males and 
a tranquil submissiveness in females willingto copulate. As if all 
tins were not enough, it has become clear from recent experi- 
ments that Sepia has a well-developed capacity to learn from 
experience. All in all Septa officittalis is a highly remarkable 
aeaturc: there can be very few others capable of being used to 
demonstrate almost all the principles of adaptive coloration. 

Mimicry 

It should be made clear at this point that ^hc immunity from 
predation which protective icsemblancc brings is very far from 
complete. There is good reason for this, as ha-v already been 
mentioned, but the point to be brought out now is that the 
stu vival value of this device, though beyond question, appears 
to be of a low order when stated quantitatively. It has been 
calculated for instance that if an animal by resembling its 
background gains an advantage of one per cent over another 
that docs not, this will still be an advantage wortli having. 

This consideration applies both to what has been written so 
far and to what is now to come, namely mimicry. That also is 
camouflage, since it involves protective resemblance, but of a 
different kind. It is a matter of resembling, not the background 
of vegetation and soil but some other animal, and as a subject 
for discussion and theorizmg it has an ancestry in the history of 
biological science just about as long as protective resemblance 
generally. It affords equally vivid examples of the working of 
natural selection. As a device enhancing security, it appears to 
be confmed to the world of insects and spiders, whi,.h after all 
IS a very large world. 

The principle is simple enough Where true tmmicry is con- 
cerned, the type that involves apparently deliberate imposture, 
its basis rests on the fact that some insects a’ 'quipped with a 
device formidable enough to cause predators, ouch as birds and 
lizards, to regret having attacked them. This may be either a 
weapon such as a stmg or a bite, or an unpleasant flavour. 
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Qearly such insects are at an advantage; clearly also a defence- 
less insect, laddng cither of these safeguards, might share in the 
advantage if it were to imitate the appearance of one that pos- 
sessed one or the other. This is what has happened in a whole 
host of well-authenticated instances. There is no need for the 
resemblance to be es.act; a general similarity in colour and 
shape seems to be enough for predators to learn to avoid both 
mimic and model. It was the English traveller and naturalist 
H. W. Bates who first drew the attention of the scientific world 
to this device, as a result of observations made during the eleven 
years of his wandermgs in the Amazon Basin. He found a clear 
example m the common South American family of butterflies, 
the Heltcomdae. These are large, slow-flying insects, conspi- 
cuously coloured black and yellow, capable of exudmg a malo- 
dorous fluid, and given to collectmg in large companies. Among 
them Bates found a few members of an entirely different family, 
the Piendae. All the other members of that fanuly have their 
own wing-shape and coloui -scheme, but those that consorted 
with the Hehcanidae resembled them quite striRingly in both 
resperts, and possessed no means of defence. 

This IS a simple example and there are many others. Here, m 
Britain for instance, there are moths known as clear-wmgs 
whose wings are largely devoid of scales and so of colour. This 
gives them a superficial resemblance to hornets which have for- 
midable stings, and natural selection has induced them to make 
the most of this resemblance by flying during the davtimc as 
hornets do, instead of at dusk after the usual manner of moths 
(Plate I2b). Again, comparauvely few birds cat ants, and in 
South America there is a spider which has taken to passmg 
itself off as an ant, which is an outstandmg example of mimicry 
seeing that a spider is not an insect, has eight legs instead of six 
and a body divided only into head and abdomen instead of into 
three parts, after the manner of insects. The spider gets over 
these difficulties by modifying the outline of its body and by 
spacing two of its pairs of legs close together, so that they begin 
to look like one pair. Quite apart ftom these drastic alterations, 
it mimics also the constant twitching movement typical of ants. 
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Once more in South America, for it is to equatorial latitudes 
that we must go to find the most striking examples of mimicry, 
there is the well-known leaf-carrying ant. They are defoliators 
of trees and move habitually in imposing processions, each ant 
carrying on high a fragment of leaf like a banner. Occasionally 
taking part in these processions, a small defenrelcss bug may be 
seen. It resembles an ant in outline, but does more, carries a 
green banner of its own, wluch is actually a structural outgrowth 
of its body. 

Mimicry of this simple kind, involving mimic and model, is 
now known as Batesian mimicry, but though simple in itself it 
has one rather unexpected result, bringing in one instance at 
least a considerable degree of complication. The unexpected, 
though entirely logical result is this: the success of an animal 
species in general is directly proportionate to its numbers, so 
that the commoner it is the more successful, but with the mimic 
in Batesian mimicry this will not do. In relation to its model it is 
quite essential for the mimic to be scarce, for if it is not the 
whole object of mimicry will be defeated, and the predator, who 
has to learn by trial and error which insect is palatable and 
which IS not, will be as liable to pick on the mimics as on the 
model. Here then is a serious risk for the mimetic species, 
which may for this reason become contronted w’lth the worst 
catastrophe that can befa'l any species, namely extinction. So 
important is this disproportion in mimbers between mimic and 
model that the genuineness of a supposed mimetic association 
can be tested by means of it. If the supposed mimic is not quite 
considerably less common than the model, then any fancied 
resemblance between them is almost certainly a coincidence. 

This risk is so serious to a mimetic species that scuiie of them 
have perfected a device which goes far towards redunng it. This 
is by means of w'hat is known as polymorphism, which is the 
existence of two or more outw^ardly different forms of the same 
species, found in about the same numerital proportion and 
wi thin the same habitat. Now if there aie two forms of the same 
species and each of them mimics a different model, then that 
species can remain twice as abundant as it could if there were 
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<mly one form. Thus, here m Britain, we have a hover-fly, 
Vciucella bombylam^ of which there are two forms. One, with a 
black body and a red tail, mimics the red-tailed bumble-bee, 
Bombus lapidanm; while the other, with a yellow-bordered 
thorax and a vihitc tail, dots the same with respect to another 
bumble-bee, Bombui lucorum. The hover-fly is considtrablj 
less common than its models. A similar kind of pol3mioiphisrii. 
having the same object m view, leads to compLcations in the 
case of an African swallow-tail butterfly, Papiho cenea Here 
there are three forms, but it is only the female whose ranks arc 
dms divided. The male is found in one form only, presumably 
the anccstial one Each of the three forms of the female mimic* 
a different model, three distinct species of the genus Danan, 
all of them unpalatable to birds. What follows logically from 
this, but IS ncvclthclcs^ most remarkable, is that eggs laid by 
any one of the females hatch out into males and mto all three 
female forms. 

In addition to Batcsian mimiciy there is another kind, quite 
distinct and involving no apparently delibeiatc deceit This is 
called Mullerian mimicrv, alter a Brazilian naturalist who cx- 
plamcd It not long after Bates expounded his thc(>rv In 
Mullerian mimiciv the relationship between mimic and model 
IS on a diftcnnt footing 'Ihcic is no question of association 
between a mimic that is detcncsless and a model in some way 
armed, no sailing undti false colours T he two or more kinds of 
insect noticeably resembling one anothc’- arc all in some way 
distasteful to a predator, and weai a similar umfoim because 
they have found that it pays them to do so It is in fact a sort of 
voluntary association, as it were a business ariangemeni making 
use of the same kind of advertisement and shaiing the proces'ds. 
The association w oiks, the business pays, because a predator is 
reqmred to learn one lesson only, instead of two or three, with 
the result that the number of individuals m each species that 
has to be sacrificed for the prcdatoi to learn its lesson is a half 
ot a third what it would be if each displayed a separate adver- 
tisement. This could be called the original arrangement, but it 
is worth realizmg that it need not continue qmte along those 
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lijies, sina it is «t least theoretically possible for a 
mimic to jom a Mullerian association, adopting the uniform of 
the association as a false advertisement. In this way there tnight 
arise a complex amalgamation of the two sorts of mimicry. It is 
possible, though it has yet to be proved, that here in Britain we 
have an amalgamation of this kind consisting of the common 
social wasp, some of the solitary wasps, one or two hover-flies, 
one or two ichneumons, and the wasp-beetle (Plate lad), all 
wearing a conspicuous hvery of black and yellow, some as it 
were honestly, others with intent to deceive. 


Conspicuous coloration 

It is time to turn now to some of the notable exceptions to the 
general tendency towards harmony of colour and pattern with 
background. The subject follows logically from the last, since as 
we have seen, mimicry uivolves imitation of the conspicuous 
appearance of the model. I shall be concerned in the hrst place 
with those examples of conspicuous coloration that can be ex- 
plained within the framework of the theory of protective 
resemblance, m the second with some that fail to fit in, that seem 
to many obseivers to be puzzling anomalies. 

In mimicry we have for a start an insect provided w'ith some 
cfrcctive means of defence, which adopts distinctive coloration 
as an advertisement of unpleasant consequences, so that its 
sting or malodorous secretion can be brought into play beforeit 
is too late. Follow’mg upon that comes the defenceless mimic. 
But there are many instances of insects, as well as a few other 
animals, with highly conspicuous coloration that have attracted 
no mimics. They give examples of aposcmatic or warning 
coloration, and their efrcctivcness in advertising unpleasant 
consequcijces has been proved by experiments in a number of 
instances. 

Some examples arc familiar enough. Most people know the 
larva of the cinnabar moth with its prominent colour scheme of 
banded black and yellow. They expose themselves freely, (^en 
in large numbers on ragwort. Another larva is that of the m^^te 
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moth, common on gooseberry bushes and equally conspicuous. 
More familiar than either of these is the seven-spot ladybird 
beetle. The conspicuous banded or diamond patterning of many 
poisonous snakes is almost certainly aposematic, as is the rattle 
of the rattlesnake, and the striking black and white uniform of 
the skunk, serving as a warning of its intolerable stench. Some 
creatures, insects for the most part, go further than making 
themselves stand out boldly from their backgroimd and have 
perfected devices that startle the too inquisitive beholder with 
some sudden and unexpected display. The eyed hawk-moth, for 
instance, at rest on the trunk of a tree with forewings covering 
the hindwings, is an inconspicuous object, an example of pro- 
tective coloration. If touched, it will at once raise the forewings 
so as to make a sudden display of the brightly coloured ‘eyes’ 
on the hmdwings. This has been proved to have a startling 
effect on a bird, so that it made off. A moth, on the other hand, 
from whose wings the ‘eyes’ had been brushed off, was 
promptly devoured. The grotesque larva of the puss-moth has 
a way of rearmg itself up if disturbed, brmging*into view an 
alarming red mask with black ‘eyes’, while at the other end of 
the body the forked tail rises, furnished w'ith w'hips that lash to 
and fro. 

Up to this point I have discussed the theory of protective 
resemblance as though it were fully authenticated and univer- 
sally accepted. Assuming for the moment that this is true, we 
can explain it on the basis of heritable variations, along the lines 
of the general theory of evolution, by supposing that natural 
selection, working on variations that cause the beginnings of 
resemblance, favours these variations and so sees to it that they 
are handed on to succeeding generations. In this way general 
resemblance rends to become intensified, while further refine- 
ments even dowm to minute details, as with the Indian leaf 
butterfly, will be similarly encouraged. Now it is undoubtedly 
true that proteaivc resemblance is a fact, supported by far too 
varied a body of evidence to be brushed aside. In spite of this, 
it cannot be denied that some of the evidence seems to point 
the other way, that some animals stand out prominently from 
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their background, and that these exceptions cannot be ex- 
plained away by any theory of warning coloration. 

Dr Charles Elton in Animal Ecology cites the Arctic fox, 
usually thought of as an admirable example of the tendency 
with Its white coat, so closely approximatmg to a background of 
snow This of course is the fox’s winter phase. But he goes on to 
point to the awkwatd fact that in many parts of the Arctic there 
is another winter phase among these foxes, the so-called blue 
whiCh IS often nearly black. A black fox Imng in a snow- 
covered mvironment' How' is that to be explained^ Natural 
selection seems to have failed tonspicuously. He points out 
further that the Arctic fox often lives on carnon killed by bears, 
oi on caches of food collcctv.d and hidden before tlie onset of 
w'lnter. In these instances a white coat seems to ha\ e little sig- 
nificance Another and more severe critic of the theory is 
P. A Buxton, author of Anin,jl Life in Buxton docs not 

deny that many desert animals vieai Ineiies of biown, buff, or 
grey and so harmoni/c effectively with their surroundings; but, 
and this Imks up in an mterc ting way with the blue or black 
Aictic fox, pomls to a whole host of dcsei! animals that have 
adopted black as their prevailing t clour Black, it appears, crt'ps 
up widely in the dcsei is of the world among a great variety of 
animals, from beetles and grasshoppers to buds such as the 
taven and some of the whcatcais Apart from this he points 
out that niany desert animals tha apj car to be protCwfively 
colouicd either hunt or arc hiirtcd at night, that others live 
almost entirely underground, whiT otheis again offset the 
advantage arising from their c'^loiaiion b> refusing to remam 
still. 

These and other facts have caused him to deny tbat protec- 
tive coloration can ha' e pnman iniportanc ' for desert animals. 
It seems to opeiate in many instances, but this he considers to 
be of secondary signihcance, and assumes the existence of some 
other cause for the coloration of animaK. This it is reasonable 
to suppose, if there is such a thing at all, would operate univer- 
sally and not in deserts only. What we have heie in fact, though 
Buxton does not enlarge upon it, is a rival theory not wholly 
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ladang either in adherents or in evidence to favour it. Briefly 
Ediat it amounts to is that there is an intimate physical and 
chemical relationship between an animal and its environment, 
and that it is this that determines the colour, the pattern and 
p^haps even the form of the animal. As for evidence, it cannot 
be said to be very impressive, but it appears to be established, 
for mstance, that there is a clo?»e connexion between the deposi- 
tion of melanin or black pigment and light, that animals living 
habitually in caves are mostly pale and tend to turn black if ex- 
posed to the sun. It is true also that conditions of high humidity 
and high temperature favour the formation of black pigment, 
while low hunudit}"^ and high temperature favour yellow and 
reddish-brown pigments. According to this theory then the 
colour of ammals is caused in the first place by this direct 
relationship with environment, and it is only when this has first 
taken place that natural selection comes into play. Its role is 
therefore secondary, and this secondary process may or may not 
enhance a partially protective colour scheme picviously brought 
about. It perhaps goes without saying that thit theory is re- 
jected by most ecologists. If they arc upholders of the orthodox 
theory of evolution they would be almost certain to reject it, if 
only because it pushes natural selection off the foreground of 
the stage. 

Dr H. B. Cott, m his magnificent and comprehensive book 
Adaptive Coloration in Anitnah, has much to say concerning 
these and other criticisms of the theory that coloration is adap- 
tive. With regard to noaurnal predators for instance, while 
admitting that with them scent is no doubt of primary impor- 
tance, he denies that this means that sight plays no pait at all, as 
can be realized by imagining how a blind lion or leopard would 
fare in its hunting at dusk or on moonlight nights. He makes 
two further important points about nocturnal creatures, 
whether predators or prey. In the first place, at night, particu- 
larly the often brilliantly lit mghts of desert or savaima regions, 
it is not colour that counts but tone. There are many desert 
animals that burrow underground during the day, emerging 
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only at night when thdr pale colour-scheme would be decidedly 
protective against the pale background of sand or rock. The 
other point concerns predators and lays stress on the un- 
doubted fart that the eyes of nocturnal creatures, such as the 
great cats among mammals and owls among birds, are ex- 
quisitely adapted in more ways than one for effective use during 
conditions of twilight and scmi-darkncss, during conditions in- 
deed which to us would be almost impenetrably dark. 

As for the apparently anomalous black coloration of some 
desert animals which Buxton uses for his attack on the theory of 
adaptive coloration, Dr Cott believes that in most cases, ravens 
and wheaiears for instance, failure to resemble their back- 
ground arises from their normal habits which make resemblance 
unnecessary. He admits to difficulties where the Arctic fox is 
concerned, but is convinced that other fur-bearing animals 
assume no special winter garb because none is needed. In fact 
with regard to the problem as a whole it seems that Dr G)tt, by 
marshalling a most impressive array of evidence and basing his 
thesis upon it, has succeeded in vindicating the tiieory of 
adaptive coloration completely. 
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POSTSCRIPT 

Retrospect : The most I can have hoped to do in this book is 
to outline a complicated system, sketch, imperfectly and selec- 
tively, a huge and varied panorama. It was inevitable in trying 
to present this panorama to divide it into a number of parts and 
to consider one of these at a time. The limitations of the human 
mind make this necessary. We find difficulty in giving weight at 
the same time both to the parts and to the whole. Nevertheless 
it is important that an attempt in this direction should be made, 
for only then may we hope to grasp that attribute of fundamen- 
tal umty which is the vetv essence of the natural world. Only 
then can wc begin to apprehend the fact that each single pheno- 
menon of nature has no meaning, no existence, except by virtue 
of its relationship with all the other phenomena ; tljat the beauty 
of the panorama, its illimitable impressiveness, depends on this 
realization. 

Scientists arc inclined to avoid words like beauty ; the aesthe- 
tic appeal of their sub)cct seems to be one that many of them 
feel ashamed of. This is unfortunate since the examination of 
phenomena and the relating of them to other phenomena is 
their whole concern, and it is just there that the beauty is 
chiefly to be found. But the business ol science u to describe 
rather than to explain. It is true that scientists are called upon 
to explain up to a point, but it is the explanation of how a prm- 
dple operates, not why. The ultimate explanation lies beyond 
the reach of their inquiries, ‘This thing,’ they say in effect, ‘is 
as I have described it. There it is. Take it or leave it. Don’t ask 
me why it is so, still less whether any directive purpose lies 
behind it.’ Sir Julian Huxley, writing of evolution, states cate- 
gorically that any purpose we may think we sec in the great 
cavalcade of life stops short within our own minds, is subjective 
only, apparent not real E\olution, he believes and here he 
voices the opinion of the orthodox school, is a product of blind 
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forces, with no more directive purpose behind it than behind 
the fall of a stone; to which the plain man might reply that the 
fall of a stone is at least an expression of the force of gravity 
and that this force, even in our post-Einstein age, can be said to 
have no less a purpose than bringing into existence the earth 
Itself, so that it should become the stage on which the drama of 
life could be enacted. Sir James Jeans on the other hand, some 
years ago, took a different view, not of evolution but of the 
universe as a whole, and put out the suggestion that God is a 
mathematical physicist. This was perhaps an extreme pro- 
nouncement, a making of God in the image of man. Neverthe- 
less it is far more acceptable than Sir Julian’s to those who sec 
a purposeful design in the wo: Id of nature. There is more to be 
said in its favour, for it clearly implies the belief that I set out 
at the beginning of this hook and now return to, the belief that 
IS to say that whatever mind designed the great panorama 
of nature did so in terms apprehensible by the human brain, 
caused the design to be worked out through the mcdiumship of 
natural agencies capable of elucidation by the process of reason- 
ing. What after all is the most maikcd characteristic distin- 
guishing man from the other animals ? Not just die possession 
of a brain, but the capacity to uve tliat brain for disinterested 
thinking, for speculating about his origin, about his place in 
the scheme of things, and about the laws governing that scheme. 
With this m mind and enibracinp the general doctrine of Sir 
James Jeans, though differmg from it in one important parti- 
cular, let me put forward with becom’ng diffidence another 
interpretation. The immense and beautiful panorama of nature 
can be said to have the attributes of a work of art. A musical 
metaphor is more applicable perhaps than a pictorial one. A 
symphony is made up of a very large number of muoical notes, 
these notes are welded into musical phrases, the phrases into 
themes, the themes into movements. The symphony has unity, 
and unity is achieved by bringing together these component, dis- 
tinguishable, and even tonfficting parts, in sucii a way that there 
is brought about a resolution of opposites, a general harmony 
out of particular discords. It would be straining the parallel 
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to con^paxe the four movments of a symphony tddi the four 
entities of the natural world, earth, atmosphere, plant-life, and 
animal-life, particularly since in a symphony the movements 
succeed one another, are expressed separately, whereas in nature 
1^ four play their parts simultaneously and mutually, are woven 
into a counterpomt far beyond the skill even of a Beethoven. 
But the suggestion can stand il only because it helps to make 
dear the incomparable superiority of the cosmic symphony of 
nature over any known to music, or if you prefer it, of the nund 
of God over tlie mind of Beethoven. As for purpose, who can 
define the purpose of the Eroica Symphony ? It was the expres- 
sion m musical form of an uige felt by its composer. Let us be 
content with a similar definition of the purpose of the Cosmic 
Symphony. 

PROSPECT • What of the future, both the foreground foresee- 
able, if dimly, and the backgiound encompassed thickly with 
shadows ? The lover of natuie, pecimg tbu> darkly, is much 
inchned to arrive at a most pessimistic conclusion He loves the 
incomparable true wildernesses of the earth, those stretches of 
its sutface of which a few c\cn yet remain, where the balance 
of the four great entities, which is the balance of nature m the 
true sense, has gone on immemonally and inviolably. He sees 
them encroached upon year by year, sees these bastions of the 
natural world fallmg one by one, and is sickened at the thought 
of what seems an inevitable process if tlic destiny of man is to 
be fulfilled. If the natural scheme of things can be compared, as 
I have suggested, to a work of art, then he will conclude that 
man, m seeking to turn it to his advantage, is bent on its 
destruction. Forgetful of the source from which he springs, 
remembermg only the lamentable tale of man’s treatment of the 
other animals, that protracted atroaty in the name of economic 
need, our nature-lover may well conclude that there is no room 
on this earth for both nature and man. He may derive consola- 
tion from recent mdications of a reaction, remmd himself that 
dierc are bird-sanctuaries m East Anglia, game reserves m 
East Afnca and the Congo, national parks m North America. 
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But his consoktion will be short-lived, since he knows full well 
that these sanctuaries are in the long run doomed, is well aware 
that as the population of the world increases at an ever-accelera- 
tmg rate, avocets wili never be given precedence over food 
production, nor the splendid game animals of East Africa be 
preserved to posterity in spile of their tendency to give added 
opportunities to the tsetse-fly. He will remind himself of what 
has already been done in the way of the destruction of wilder- 
nesses, that activities such as the cutting down of forests, the 
draining of swamps, the irrigation of deserts, the pollution of 
rivers with filthy effluents, the pollution even of nature’s least 
violable sanctuary, the sea, with the w'aste-products of oil- 
burning ships, are all certain lo be extended to an enormous and 
hastening degree. In his despair at the prospect of a world 
wholly tamed in the interests of man, he will inform himself 
bitrerly that only one thing is calculated to prevent so bleak 
a consummation, namely man’s destruction of himself by 
nuclear warfare. 

All the same our nature-lover’s pessimism is excessive in one 
all-important respect. Up to a point he is right: beyond that 
point he is fundamentally wrong, and as a lover of nature he 
ought to be aware of it. For the truth is that the division of the 
w'orld of man from the w’orld of nature is a false and exceedingly 
dangerous division; false because it attemp*^s to divide two 
thmgs that are indivisible, that ar' indeed not two but one; 
dangerous because in trying to bring it about man will render 
this earth uninhabitable as surely by its human as by its non- 
human denizens. Wc are beginning to realize now thar ecology 
IS a science of the utmost prat tical importance, that it is not 
radioactive strontium that threatens the future of mankind, btit 
neglect of the teachings of ecology. Our nature-lover then is 
right in supposing that the true wildernesses of the earth as sudi 
arc in the long run doomed. That is a conclusion to which it 
seems we must ultimately reconcile ourselve*' with what for- 
titude we may. For it is one thing to iransfoitn a wilderness into 
an abode of human beings by w'orking hand in hand with nature, 
by restricting and guiding her exuberance, by taking part in 
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and preservii^ her ageless, cyclical processes, and so bringing 
into existence a countryside in place of a wilderness. That has 
already been done long ago and successfully, particularly per- 
haps in western Europe. Here in Britain true wildernesses re- 
main only in those parts of the country that are uninhabitable, 
at the two extremes of elevation, a few movmtain-tops above the 
3,ooo-foot contour-Unc and the sea-shore between tide-mark'.. 
Everywhere else there arc either deserts of brick and mortar or 
an almost wholly artifiaal, but still delightful, countryside. 

That process, as 1 say, is one thing, permissible, safe, and cal- 
culated to endure, because there the essentials of nature’s 
balance are preserved, and the earth can be induced to bring 
forth fruit in her own moderation. But recently here at home, 
and far more in other parts of the world, nature’s moderation is 
grudgingly regarded and men are trying even now to improve 
upon nature, as though such a thing were possible, to speed up 
natural processes which operate slowly or not at all, to travel 
the short road when only rhe long one will rake^them to their 
goal. Deforestation, burmng, over-grazing, the culnvatinn of a 
single crop over square miles of country, all these tilings on a 
big scale, together with others on a smaller scale, such as the 
grubbing up of hedgerows, repeated drcnchings of the land 
with artificial fertilizers, and the scattering of wccd-killeis and 
insecticides, do grievous and in time irreversible violence to the 
delicate balance of natural processes. The result is to make wil- 
dernesses of a wholly different kind, howling and catastrophic 
wildernesses, the absolute sterility of man-made deserts. We 
know now, and must studiously pay heed to the knowledge, 
that it is only through intimate understanding of the web that 
binds all life on this earth, through so ordering things that man 
lives in harmony with nature, that disaster can be averted and 
the survival of humamty assured. 
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Trilobium, 1 18 
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Tropical forest, 40-2 
Tropical grasslands, 42 
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Unity of the habitat, 59-60, 251 
Upwellings of sea water, 67, 136 


Vacuum reaction, 205 
Variations, 162-3 
Viruses, 17 

Volucella bombjflanSi 268 
Volvox, 13, 108 
Vorttcella, 108, 226 


Wallace’s Line, 231, 232 
Warning coloration, 269-70 
Wasps, solitary, 63, 196, 198-200 
Wastefulness of nature, 227, 252 
Water-boatman, 257 
Water habitat, 38-9 
Water-lily leaves, 62, 128 
Waxwing, 247, 249 
Woodland, 60-1, 125-8 
Woodpecker, greater spotted, 250 
Wrens of Scotland, 177-8 
W^’Vllle-Thomson Ridge, 132 


Zonarion of seaweeds, 147-8 



